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PREFACE TO THE SECOND EDITION 
(PART II) 


THE second edition of this book has taken far longer to complete 
than I had hoped. The present volume is in fact only an instalment, 
for it deals solely with the clinical, heematological and serological 
aspects of the auto-immune hemolytic anemias and with their 
etiology, pathogenesis and treatment. A break at this point 
seemed both practical and sensible, for to complete the book would 
have meant a further delay in publication of at least one year. 
The secondary or symptomatic hemolytic anzmias, the drug- 
induced hemolytic anzemias, paroxysmal nocturnal hemoglobin- 
uria and hemolytic disease of the newborn will thus be dealt 
with in a third and final volume. 

Once again, I should like to record my indebtedness to the many 
friends who have referred patients to me, and to past and present 
members of the medical and laboratory staff of the Postgraduate 
Medical School of London and Hammersmith Hospital who have 
collaborated in the investigation of patients. 

I am indebted to the Editor of the British Medical Bulletin and 
the Medical Department of the British Council for permission to 
reproduce Figs. 168 and 169, to Blackwell Scientific Publications 
for permission to reproduce from the British Journal of Haematology 
Figs. 145, 151, 158, 159, 165, 166 and 167, and to the Editor of 
Lectures on the Scientific Basis of Medicine, Vol. 7, and the Athlone 
Press for permission to reproduce Fig. 145. I am particularly 
indebted to Mr. W. L. Marsh, F.I.M.L.T., for permission to 
reproduce Fig. 158. 

The illustrations new to this edition have been drawn for me by 
Mr. D. Banks and Dr. 8S. M. Lewis and the new photomicrographs 
have been taken by Mr. W. H. Brackenbury. I am very grateful 
for their skill and patience. Miss R. Frearson’s accurate typing of 
the manuscript has been of incalculable help to me and I am also 
greatly indebted to Dr. S. M. Lewis for his help in proof-reading. 
Once again, I have received every possible help and encouragement 
from Messrs. J and J. A. Rivers of J. & A. Churchill Ltd. 


J. V. Dacia 
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CHAPTER 7 


THE AUTO-IMMUNE HMOLYTIC ANAMIAS 


I. “IDIOPATHIC” TYPE: GENERAL, CLINICAL AND 
HAMATOLOGICAL FEATURES 


Tue term acquired hemolytic anemia or acquired hemolytic 
disease is descriptive of a situation where the life-span of the 
erythrocytes is reduced for reasons other than congenital defects 
of the cells themselves. An excessive rate of haemolysis in vivo is 
in fact a common phenomenon in disease and it appears that it can 
be produced by a variety of different mechanisms. 

Broadly speaking, three main types of acquired hemolytic 
anemia can be distinguished: (1) the hemolysis! dominates the 
clinical picture and is apparently unaccompanied by any other 
co-existing disease—such cases are often referred to as ““primary”’ or 
“idiopathic”? acquired hemolytic anemias; (2) the hemolysis, 
which may or may not dominate the clinical picture, is clearly 
associated with some well-defined underlying disease—such cases 
are referred to as secondary or symptomatic, and (3) the hemolysis 
follows the taking of some drug or exposure to a toxic chemical. 

Probably the most important type of acquired hemolytic 
anemia is that associated with the formation of auto-antibodies 
active against the patients’ own erythrocytes. These are the so- 
called “‘auto-immune”’ hemolytic anemias. It must not, however, 
be thought that all cases of acquired hemolytic anzemia can be 
explained in this way. ‘‘Non-auto-antibody” types certainly 
exist. 

The relative incidence of the auto-antibody and “non-auto- 
antibody” types is uncertain. Certainly, the auto-antibody type 
has been most studied and written about and this undoubtedly 
give an erroneous impression of its relative frequency. Neverthe- 
less, it seems likely that the majority of cases of acquired heemoly- 
tic anemia of unknown origin (“idiopathic”’ cases) are auto- 
antibody induced, while the reverse is probably true of cases of 
secondary hemolytic anemia. The mechanisms, other than the 


' Hemolysis in this context is used as a synonym for an increased rate of 
erythrocyte destruction. It does not imply that this is due to any particular 
mechanism such as amboceptor-complement lysis. 
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action of auto-antibodies, causing acquired hemolytic anemia of 
either “idiopathic”’ or secondary types are probably diverse; they 
are at the moment almost completely unknown. Prueene details 
are given in Chapters 14 and 15. 

In the majority of instances the etiology of auto-immune 
hzemolytic anzemia is unknown and the disease has to be referred 
to by the unsatisfactory terms “‘primary”’ or “idiopathic’’; in 
other patients the hzemolysis is the sequel to an infection such as 
virus pneumonia, or is associated with an additional pathological 
process such as chronic lymphocytic leukemia, reticulosarcoma or 
disseminated lupus erythematosus. These secondary cases are 
probably less rare than was at one time thought. 


Statistical studies on several large series of patients have recently been 
published. Lal and Speiser (1957) listed 48 out of 97 cases of acquired 
hemolytic anemia of the warm-antibody type as being secondary cases. 
Other published figures include data for the cold-antibody type in 
addition. van Loghem, van der Hart and Dorfmeier (1958) recorded 
that 67 out of 122 cases were secondary in type, Revol and co-workers 
(1958) seven out of 27 cases and Dausset and Colombani (1959) 35 out 
of 128 cases. 


The present author’s own data up to the time of writing are 
given in Tables 13 and 14. A total of 175 patients have been 
investigated in the Department of Hzematology of the Postgraduate 
Medical School of London between 1947 and 1961. Of these 108 


Table 13 


Analysis of 175 Cases of Auto-Immune Hemolytic Anemia 
Studied between 1947 and 1961 


Sex 
Type of antibody Type of disease No. of cases 
Males | Females 


Warm ‘* Idiopathic” 40 49 

Secondary 14 26 

Cold **Tdiopathic”’ 5 14 

Secondary 6 13 

Paroxysmal cold 5 3 
heemoglobinuria 

Total 70 105 
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Table 14 


Analysis of 59 Cases of Secondary Auto-Immune Hemolytic Anemia 
Studied between 1947 and 1961 


Type of antibody 


Underlying or associated disease 
Warm Cold 


Neoplastic 
Chronic lymphocytic leukeemia } 
Reticulosarcoma l 15 5 
Lymphoma J 
Lymphadenoma 1 1 
Other leukemias 2 0 
Carcinoma 1 0 
Infections 
Probable or possible virus pneumonia ty) 11 
*Infectious mononucleosis 1 0 
*Cirrhosis and hepatitis 2 0 
*Other infections—Measles 
Tb 9 0 
SBEt 
Bronchopneumonia 
Bronchiectasis 


Disseminated lupus erythematosus 6 0 
Rheumatoid arthritis 1 2 
Ulcerative colitis 2 0 


* The etiological relationship between the associated disease and the 
hemolytic anemia is far from clear in these cases. 
7 Subacute bacterial endocarditis. 


were Judged to be “idiopathic” and 59 secondary.! The disorders 
to which the hemolytic anemia was thought to be secondary are 
given in Table 14; malignant disease of the lympho-reticular 
system, particularly chronic lymphocytic leukemia and reticulo- 
sarcoma, virus pneumonia and disseminated lupus erythematosus 
are conspicuous as underlying associations. 

The auto-immune types of hemolytic anemia may be classified 
as follows: 


(a) “Idiopathic” auto-immune hemolytic anemia: Chapters 7 
and 8. 


+ Excluding eight cases of paroxysmal cold hemoglobinuria. 
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(b) Secondary auto-immune hemolytic anemia: Chapters 9 
(haemolytic anemia following virus pneumonia and other virus 
infections) and 13 (hemolytic anemia associated with chronic 
lymphocytic leukzmia, reticulosarcoma, etc.). 

(c) Paroxysmal cold hemoglobinuria: Chapter 10. 


In the present chapter the clinical and hematological features 
of the “idiopathic” type of auto-immune hemolytic anemia are 
reviewed. Serological findings are described in Chapter 8 and 
etiology and pathogenesis, and treatment, dealt with in Chapters 
11 and 12, respectively. 


“IDIOPATHIC” AUTO-IMMUNE HAEMOLYTIC ANAMIA 


History. Hayem (1898) is generally credited with giving the 
first recognizable description of acquired hemolytic anemia under 
the title “‘Ictére infectieux chronique splénomégalique”’ and of 
differentiating anzemia with jaundice from disease of the liver. It 
was in France, too, that the first observations were made that 
suggested that haemolytic anemia might be caused by the develop- 
ment of auto-antibodies. From 1908 onwards Widal, Abrami and 
Brulé (1908a and b; 1909) in a series of papers gave the first 
accurate descriptions of “‘Victére hémolytique acquis.” Signi- 
ficantly, they stressed that autohzemagglutination was characteris- 
tic of the cases they studied, and Le Gendre and Brulé (1909), in 
emphasizing the differences between the congenital and acquired 
forms of hemolytic jaundice, stated that in the acquired form 
*‘auto-agglutination des hématies restait constamment, intense et 
rapide, prenait une veritable valeur diagnostique.”’ 

Other important observations were made in France at about the 
same time. Chauffard and Troisier (1908) and Chauffard and 
Vincent (1909) described as suffering from “‘ictére hémolysinique”’ 
and ‘“‘hémoglobinurie hémolysinique”’ patients in whom intense 
hemolysis was taking place in vivo and whose sera appeared to 
contain abnormal heemolysins. 

These pioneer studies were to some extent forgotten in the succeeding 
decades, and 30 years or so passed without much progress being made. 
Several publications, however, certainly deserve mention. In 1925, 
Lederer described three patients who had suffered from acute hemolytic 
episodes of sudden onset and of short duration. In each case recovery 
seemed to take place following blood transfusion. Brill (1926), too, 
reported what appeared to be a similar type of case and subsequently 
Lederer (1930) described three further patients. While the identity of 
these cases with auto-immune hemolytic anzmia is in doubt, some, at 
least, probably were examples of the syndrome. In none, however, were 
serological studies carried out. 


HIstTory 845 


There was confusion, too, at this time between acquired hemolytic 
anzmia and latent congenital hemolytic anemia first appearing in adult 
life and in England at least (in the early and mid 19380’s) the current 
teaching was that most cases of acute ‘‘acquired”’ haemolytic anaemia 
were in fact congenital, i.e., really examples of hereditary spherocytosis 
(see Vaughan, 1936). The presence of spherocytosis in both types of 
case and the lack of a reliable and distinguishing serological test go a 
long way to explain this confusion. The merit of Dyke and Young’s 
(1938) paper, in which they described six cases of chronic macrocytic 
hemolytic anemia, is that they clearly distinguished them from here- 
ditary spherocytosis, on the basis of the macrocytic blood picture and 
the often poor and uncertain response to splenectomy. Again, however, 
serological findings were not mentioned. 

In 1988 Dameshek and Schwartz (1938a) again reported the 
presence of abnormal hzmolysins in patients suffering from acute 
(acquired) hemolytic anemia. They also showed clearly, both in 
man and in animals, that spherocytosis and increased osmotic 
fragility might develop during the course of acquired hemolytic 
anzemia (Dameshek and Schwartz, 1938b). 

In 1954, Coombs, Mourant and Race showed that erythrocytes 
sensitized by “incomplete”? forms of Rh iso-antibodies were 
agglutinated by anti-human-globulin sera prepared by immunizing 
rabbits against human serum proteins. This discovery provided a 
new tool in immunological research. It was soon applied to the 
investigation of cases of hemolytic anemia. In 1946, Boorman, 
Dodd and Loutit, and Loutit and Mollison, reported that the 
“direct” antiglobulin reaction (Coombs’s test) was positive ina 
number of patients suffering from “idiopathic ”’ acquired hemolytic 
anemia, whilst the test was negative in patients suffering from 
congenital and other types of hemolytic anemia. In 1947, 
Morton and Pickles reported that the enzyme trypsin increased 
the susceptibility of human erythrocytes to certain types of anti- 
bodies. The enzyme-treated cell technique has also proved to be 
extremely useful. Both methods have helped enormously in the 
understanding of the pathogenesis of acquired hemolytic anzmia 
by demonstrating the presence of incomplete antibodies in cases 
where other techniques had failed to do so. 

During the last 10 years or so the antibodies of acquired 
hemolytic anemia have been extensively studied and the concept 
of auto-immunization as a cause of antibody formation has been 
widely accepted. Two main types of antibody have been recog- 
nized, a warm type active at body temperature and a cold type 
usually inactive at body temperature although active at tempera- 
tures a few degrees lower. Further information concerning the 
development of knowledge of the auto-immune hemolytic anzemias 
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is to be found in Dameshek and Schwartz’s (1940) review and in 
the more recent monographs of Hennemann (1957) and Schubothe 
(1959). 

It is worth recording that acquired hemolytic anemia of 
apparent auto-immune origin has been reported, although rarely, 
outside the human species, e.g., by Miller, Swisher and Young 
(1954) in a dog and by Bielschowsky, Helyer and Howie (1959) in 
an inbred strain of mice. 

Synonyms and Eponyms. Lictére hémolytique acquis 
(Widal, Abrami and Brulé, 1909); erworbener hamolytischer 
splenomegalischer Ikterus, Typus Hayem-Widal (Micheli, 1911); 
acquired acholuric jaundice (Eason, 1918); acute hemolytic 
anemia (Lederer, 1925; Dameshek and Schwartz, 1940); immuno- 
hemolytic anemia (Evans et al., 1951); autoimmune hemolytic 
disease (Young, Miller and Christian, 1951); antiglobulin-positive 
hemolytic anemia (Osgood, 1961). 


Some Continental workers (e.g., Marcolongo, 1953) have referred to 
different forms of “idiopathic” acquired hemolytic anemia by the 
eponyms ‘‘Hayem-Widal’’, ‘‘Dyke-Young’’, ‘‘Loutit’? and ‘‘Lederer- 
Brill”, whilst the term ‘“‘Lederer’s Anzmia’”’ has been widely used in 
British and American literature. As will be discussed later, wide 
differences exist between patients in respect of their clinical histories 
and in the results of laboratory tests. Nevertheless, it seems unwise to 
attempt to separate on the basis mainly of clinical differences a disease 
of such variable intensity as auto-immune hemolytic anzemia into 
subgroups labelled with eponyms, e.g., into the ‘“‘Lederer type”’ (acute 
transient) or ‘‘Dyke-Young type” (chronic macrocytic), unless the 
distinction is backed by real differences in etiology or pathogenesis 
which in the present instance is not the case. 

The eponyms ‘‘Hayem-Widal”’ (Micheli, 1911, etc.), recalling pioneer 
clinical and serological observations or ‘“‘Loutit’’ (Maier, 1948), re- 
calling the first demonstration of positive antiglobulin tests in 
acquired hemolytic anemia, are more worthy of perpetuation, and 
an amalgam of the three names to ‘‘Hayem-Widal-Loutit anzemia”’ 
would not be inappropriate; but it suffers from being uninformative 
compared with ‘‘auto-immune hemolytic anemia’’ and can hardly be 
recommended. 


In the discussion which follows one clinical syndrome will be 
separated off from the general syndrome of auto-immune 
hemolytic anemia. This is the “cold-hemagglutinin syndrome” 
which is associated with the presence in the blood of cold auto- 
antibodies in high concentrations. A clear distinction too will be 
made between “warm” and “cold” auto-antibodies when the 
serological findings in auto-immune hemolytic anemia are dis- 
cussed in Chapter 8. 


% 
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General Features of Auto-Immune Hemolytic 
Aneemia 


Literature. Recent reviews and monographs dealing with both 
the clinical and laboratory aspects include those of Dameshek and 
Schwartz (1940), Dreyfus, Dausset and Vidal (1951), Young, 
Miller and Christian (1951), Baumgartner (1952, 1956b), Marco- 
longo (1953), Heilmeyer (1953), Young and Miller (1953a), Dacie 
(1954, p. 164), Lejeune (1954), Dausset (1956), Letman (1957), 
Hennemann (1957), Schubothe (1957, 1958, 1959), Oettgen and 
Kindler (1959) and Braaker (1960). Dameshek and Schwartz’s (1940) 
review and the monographs of Hennemann (1957) and Schubothe 
(1958, 1959) are particularly valuable because of their extensive 
biblhographies. 

Race and Inheritance. As far as is known, auto-immune 
hemolytic anemia is not confined to any particular race or races. 
However, most of the published case reports have dealt so far 
with patients of European origin. It has generally been thought 
that there is no evidence for a genetic basis for the disease. 
Kissmeyer-Nielson, Bent-Hansen and Kieler (1952), however, 
published an account of a family in which both a mother and her 
daughter developed a hemolytic anzemia of an auto-immune type. 
This observation is clearly exceptional, but it is difficult to dismiss 
it as mere coincidence. On the other hand, one of the author’s 
patients had an unaffected sister who was probably an identical 
twin (Case 9 of Dacie, 1954). It should be added perhaps that 
Wasastjerna (1959) has recorded a single instance of combined 
hemolytic anemia and Hashimoto’s disease where anti-erythro- 
cyte and anti-thyroid antibodies were formed by the same patient. 


In animals, however, Bielschowsky, Helyer and Howie (1959) have 
demonstrated that genetic factors can influence the occurrence of 
apparent auto-immune hemolytic anzmia in mice. In a highly inbred 
strain it was found that eventually almost 100% of the mice became 
affected from 3 months of age onwards. Although the relevance of these 
observations to man is disputable, they should encourage further search 
for genetic factors acting in the human disease. 

The occurrence of auto-immune hemolytic disease combined with or 
superimposed upon an underlying congenital hemolytic anemia has 
occasionally been reported, e.g., by Kaplan and Zuelzer (1950). Michel, 
Bornemann and Thomas’s (1955—56) case is a little less satisfactory, for 
although their patient was thought to have been anemic since childhood, 
the family history was negative. Whether such cases should be looked 
upon purely as coincidental or whether the presence of a congenital 
hemolytic anemia predisposes to the development of auto-immune 
hemolytic anzmia subsequently is still uncertain. 
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Blood Groups. Hunt and Lucia (1953) claimed to have 
demonstrated a statistically significant increase of blood-group O 
in cases of acquired hemolytic anemia: 78% of 27 patients were 
group O compared with 48% of 31 patients with congenital 
hemolytic anzemias and 45°, of their controls. These observations 
were supported by further figures from Australia, Clemens and 
Walsh (1954-55) reporting that 62°% of 66 patients with acquired 
hemolytic anzmia (giving positive direct antiglobulin tests) were 
group O. However, this apparent association between group O 
and auto-immune hemolytic anzmia has not been confirmed by 
subsequent reports based on larger series. Lal and Speiser (1957) 
found that 39% of 97 cases of the “idiopathic”’ warm-antibody 
type were group O, a figure not significantly different from that of 
the general population. Dunsford and Owen (1960) came to the 
same conclusion: out of 127 patients with acquired hemolytic 
anemia (giving positive antiglobulin tests) 47-2°% were group O 
compared with 45-4% of their controls. The author’s own data 
also do not support any strong association with group O. The 
blood groups of 120 patients (warm and cold antibodies) are known: 
40% are group O, 44% group A, 13-5% group B and 2-5°% group 
AB 


Sex. Both sexes are affected. Sacks, Workman and Jahn (1952), 
reviewing 147 cases of “idiopathic”? and secondary acquired 
heemolytic anemia from the literature as well as 19 cases of their 
own, found that two-thirds of the patients were females. 

Dausset and Malinvaud (1954) and Dausset and Colombani 
(1959) have also reported an excess of females, but only in the 
“idiopathic”? type of the disease. Dausset’s latest figures are: 
61% of 93 patients with the “idiopathic”’ disease were females 
(said to be significant at the 95% probability level) and 60% of 35 
patients with secondary hemolytic anemia were males. Lal and 
Speiser’s (1957) date show an apparent but not statistically 
significant, excess of females in both the “idiopathic” and secon- 
dary groups, 7.e., 55% of 49 patients and 62-5% of 48 patients 
with the “‘idiopathic’’ and secondary types of disease, respectively, 
were females. The present author’s own data are illustrated in 
Table 13: 58% of 108 patients with the “idiopathic” disease were 
female and 66% of 59 patients with the secondary type of disease 
were female. Taking all these series together, it seems probable 
that auto-immune hemolytic anemia is really slightly more 
frequent in females than males. There is no obvious association 
with pregnancy or parity. 

Age. Subjects of all ages are affected, from infants in the first 
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few months of life until old age. The age incidence of the patients 
with auto-immune hemolytic anemia of the warm-antibody type 
the author has personally investigated is illustrated in Fig. 119. 
The youngest patient was aged 5 months and the oldest aged 78 
years when their illness was first diagnosed. The age incidence in 
auto-immune hemolytic anemia of the cold-antibody type is, if 


oO 10 20 3 
AGE IN YEARS 


60 70 80 


Fic. 119. Age distribution of 125 patients suffering from auto- 
immune hemolytic anemia of the warm-antibody type. 
Open squares = ‘*idiopathic”’ cases; dotted squares = secondary 
cases (excluding DLE); /illed-in squares = cases associated with 
disseminated lupus erythematosus (DLE). 


paroxysmal cold hemoglobinuria is excluded, different; this type, 
which must be very rare in infants and young subjects, if it occurs 
at all, affects elderly people particularly (see Fig. 132, p. 369). 
The occurrence of the warm-antibody type in infants and young 
children is remarkable—particularly when current theories of 
etiology are considered (see p. 597), and many records are now 
available in the world literature. The disease is often of explosive 
onset and hyperacute, and correspondingly serious, but sometimes 
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it is of short duration and there may be complete recovery within 
a few weeks. 


The hyperacute cases of short duration correspond with those often 
referred to in the past as ‘“‘Lederer’s anzmia’”’ (e.g., Lederer, 1925, 
Case 2; 1980, Case 3; Patterson and Stewart Smith, 1986; Giordano and 
Blum, 1987, Case 1; Baxter and Everhart, 1988; Betke et al., 1953). 
Of these cases, however, only two (Lederer’s patients, cited above) were 
small infants. 

More recent case reports, accompanied by serological studies, in 
infants of 13 months or age or less include those of Denys and van den 
Broucke (1947), Gasser and Hollander (1951), Neimann and co-workers 
(1956), O’Connor, Vakiener and Watson (1956), Miller, Shumway and 
Young (1957), Larsen (1957), Saxena and Saraswat (1957), Verger and 
Moulinier (1957), Sansone (1957), Horveno and co-workers (1958), 
Roger, Beaudoing and Jobert (1959) and Di Piero (1959). Colleta, 
Schettini and di Francesco (1959) and Negri, Pototschnig and Maiolo 
(1960) reported cases of their own and reviewed the literature. Eight 
infants died out of the 29 case reports listed by the latter authors. The 
outlook in any affected child is thus a serious one, even though the 
mortality figures are lower than those recorded for adults (see p. 692). 
Gasser and Hollander’s patient, aged 7 weeks, seems to have been the 
youngest. 


The serological findings in infants are similar to those found in 
adult patients suffering from comparable degrees of heemolysis, 
except that the rarely found warm autohzmolysins seem to be 
more frequently demonstrable (see Chapter 8). 


Clinical and Hematological Features: 
1. Warm-Antibody Type 


Symptoms and Course of the Disease. Auto-immune 
hzemolytic anzemia is a most variable disorder and almost every 
grade of severity may be met with. In some patients the illness 
may be a chronic one extending over years and the only symptoms 
complained of may be those common to chronic mild anemia of 
any cause, é.g., undue tiredness and mild dyspnoea on exertion. 
In more severely affected patients the severity of the anzemia often 
leads to serious dyspnoea and incapacity. Sometimes, chronic 
jaundice may be the patient’s chief complaint, but this is a very 
variable symptom. In the most severely affected patients—often 
infants or young children although not exclusively so—the onset 
may be very sudden instead of being insidious, the chief features 
of the disease being rapidly increasing anemia and increasing 
jaundice often accompanied by pyrexia and shock-like prostration 
and in the worst cases by a state of partialcoma. Heemoglobinuria is 
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a frequent accompaniment in such cases and the name “acute 
hemolytic anemia’ is then more than justified. Massive haemo- 
globinuria does not as a rule last more than a few days. [If it 
persists despite all attempts at treatment, the outlook is grave, 
but Miller, Shumway and Young (1957) nevertheless reported the 
gradual recovery of a 14-year-old negress after 14 days’ haemo- 
globinuria. 

Occasionally, a patient may suffer from repeated attacks of 
hemolysis separated by spontaneous remissions. Young and Miller 
(1953b) described for instance a patient who had suffered from six 
episodes of acute haemolysis within 4 years of the initial attack for 
which splenectomy had been performed. According to Crosby 
(1955) and Crosby and Rappaport (1957) hemolytic crises are more 
frequent in the winter months. In children, as has already been 
emphasized (p. 349), the disease not infrequently appears as an 
acute (sometimes fulminating) disorder, fortunately often of 
relatively short duration (a matter of weeks or even days), but 
chronic and relapsing cases have been reported (Verger and 
Moulinier, 1957; Larson, 1957). 

Dreyfus, Dausset and Vidal (1951) referred to the occurrence of 
superficial thrombophlebitis and the frequent presence of gall- 
stones (usually causing no symptoms) in long-standing cases. 
Young, Miller and Christian (1951) also mentioned thrombo- 
phlebitis as occurring repeatedly in association with haemolytic 
episodes (see also p. 384). 

Amongst rarely recorded symptoms may be mentioned pre- 
cordial pain (with ECG evidence pointing to infarction) and head- 
ache (associated with an abnormal EEG, see also Sansone (1957) ), 
both attributed by Christen and Jaccottet (1958) to microthrombi 
formed by agglutinated erythrocytes. Dreyfus, Dausset and Vidal 
(1951) recorded the presence in one of their patients of a complex 
neurological syndrome which cleared up almost completely when 
the hemolytic process was alleviated following splenectomy. 

In “idiopathic” cases of auto-immune hemolytic anzmia the 
disease starts without apparent cause, but sometimes a history of 
recent infection of some sort may be elicited; certainly clinical 
relapse may seem to be precipitated in this way. Christian and 
Jaccottet (1958) reported the remarkable observation that a bee 
sting precipitated a relapse in one of their patients. 

It is uncertain whether drug-taking is ever a precipitating 
factor. Where this has seemed possible (e.g., in de Gruchy’s (1954) 
Case 6) the patient’s underlying disease may have been the more 
(or perhaps the only) important factor. 
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The course of auto-immune hemolytic anemia is thus un- 
predictable. Nevertheless, Dausset and Malinvaud (1954), while 
stressing that the course of the disease was very variable, thought 
that they found evidence in some patients of a fairly constant 
pattern: first, an acute or “sensitization”? phase; then a long- 
continued phase of “‘compensated desensitization.’ Eight patients 
out of their series recovered completely but it took on the average 
3 years for this to happen. 

Exceptionally, signs and symptoms of thrombocytopenic pur- 
pura may be associated with or have preceded those of hemolytic 
aneemia (see p. 377). 

Physical Signs. Pallor. The pallor of the patient varies from 
mild to extremely severe. On the whole, patients with ‘“‘idio- 
pathic”’ auto-immune hemolytic anemia tend to be more anemic 
and are generally more seriously ill than are patients suffering 
from congenital haemolytic anemias such as hereditary sphero- 
cytosis, and it is not uncommon for the erythrocyte count to be as 
low as 1:0-1:5 millions per cu. mm. and the hemoglobin to be 
3-5 g. per 100 ml. in the most seriously affected patients. In very 
severely affected patients, in addition to extreme pallor combined 
with jaundice there may be noticeable cyanosis, affecting par- 
ticularly the lips, nose, cheeks and ears. This cyanosis is presum- 
ably secondary to peripheral vascular stasis brought about by 
intravascular auto-agglutination; it occurs in a more marked 
and regular form in less anemic and less seriously ill patients 
suffering from the cold-hemagglutinin syndrome (see p. 372). In 
a patient described by Sézary, Kipfer and Jharib (1938) cyanosis 
of the skin took the form of a network of violet bands (‘‘ Livedo 
annularis’’!), A similar appearance was observed by the writer 
in a patient, seen through the courtesy of Dr. J. Sakula (see p. 439, 
Case 7), who had developed a powerful auto-agglutinin active at 
Bu. ©. 

Jaundice. Usually the patient is visibly jaundiced to a moderate 
degree. The hyperbilirubineemia is due as a rule in large measure 
to an excess of unconjugated bilirubin; the jaundice is thus 
typically acholuric in nature. In seriously ill patients, however, 
significant amounts of conjugated bilirubin may circulate in the 
plasma, the direct Hijmans van der Bergh reaction may be posi- 
tive, and bile pigment may also appear in the urine. When marked, 
this is probably due to actual liver damage, focal areas of necrosis 
being not uncommonly found in fatal cases (see p. 383). However, 
the data of Tisdale, Klatskin and Kinsella (1959) suggest that 

1 “*Livedo annularis”’ is illustrated by Schubothe (1957). 


SPLEEN AND LIVER . 353 


some conjugated bilirubin is usually regurgitated from the bile 
into the blood stream when the rate of excretion of pigment is 
greatly accelerated (see p. 360). 

Splenomegaly. The spleen is probably always considerably 
enlarged, varying, according to Dameshek and Schwartz (1940), 
from one-and-a-half to five times its normal size. Usually it is 
readily palpable; however, it may not be felt at the onset of an 
acute attack. It is unusual for an enlarged spleen to reach the 
umbilicus and on the whole the degree of splenomegaly is less than 
that found in hereditary spherocytosis (Rappaport and Crosby, 
1957). Sometimes the spleen is tender on palpation; especially is 
this true in acute hemolytic episodes. 

Other Physical Signs. The liver is often shghtly enlarged, 
particularly in the most anemic patients. The other organs of the 
body appear to be essentially normal on physical examination 
except for the effects that anemia may have on them. Enlarge- 
ment of lymph nodes does not usually occur, but the writer has 
seen one case where enlargement of the inguinal nodes due to 
myeloid metaplasia led to a clinical diagnosis of reticulosarcoma. 
Purpura is not commonly found (but see p. 377). 

A most unusual complication is gangrene of the skin of the 
fingers and elsewhere. This was reported by Ko6lbl (1955) in an 
infant during an acute hemolytic episode which developed soon 
after vaccination; it was attributed to the effects of intravascular 
auto-agglutination. 

Urine. A moderate excess of urobilinogen is generally found, 
and, as referred to above, occasionally bile pigment also. As has 
also already been discussed (p. 351), heemoglobinuria is rather rare 
but it is often a prominent sign in the most seriously ill patients. 
In severely aneemic patients there may be slight proteinuria, in the 
absence of hemoglobinuria, and a few casts may be found in the 
urinary deposit. According to Crosby and Dameshek (1951) 
heemosiderin is frequently found in small amounts; it may in fact 
be present in amounts comparable to those found in paroxysmal 
nocturnal hemoglobinuria in patients in whom there is a major 
degree of intravascular hemolysis (Fig. 135). 

Oliguria and renal failure seldom seem to occur, even in patients 
suffering from fulminating hemolysis with hemoglobinuria, but 
they have been reported, e.g., by Payne, Spaet and Aggeler (1955). 
This is in marked contrast to drug-sensitivity hemolytic anemia 
in which renal failure is not uncommonly observed (see Chapter 
15). 

Feces. Dark stools, a consequence of an increased excretion of 
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stercobilin, are the rule, and as in the congenital hemolytic 
ansemias the total daily excretion may exceed 1,000 mg. 


Pisciotta, Downer and Hinz (1959) reported the remarkably high 
figure of 20,000 mg. per day in a patient receiving multiple transfusions 
in preparation of splenectomy! Previously, the maximum output in this 
patient had been 3,000 mg. These findings illustrate the extraordinary 
rapidity with which transfused normal blood may be destroyed and also 
the remarkable latent capacity of the liver to excrete bilirubin. 


The Blood Picture 


Erythrocytes. The degree of anemia is variable but as already 
mentioned it is not infrequently severe. More often than not it is 
macrocytic rather than normocytic as judged by mean corpuscular 
volume measurements (Table 15). The macrocytosis is ‘‘regenera- 
tive” in nature, the macrocytes typically being derived from 
abnormal normoblasts (macronormoblasts') rather than from 
megaloblasts (Dacie and White, 1949). 

Wet preparations and dried films usually show a considerable 
degree of anisocytosis. Spherocytes are nearly always found and 
in some cases, with active hemolysis, the spherocytosis may be 
intense (Figs. 120-121). If there is marked spherocytosis the 
differences in cell diameters, and thus the degree of anisocytosis, 
are often striking, the microspherocytes being as small as 5 py or 
even less and the flattened macrocytes as large as 10 vu. The latter 
often stain diffusely basophilic, for the largest cells are generally 
reticulocytes. This contrast in cell diameters and staining is 
illustrated in an extreme form in Fig. 121. The spherocytes have 
a notably rounded contour and poikilocytes are not generally 
conspicuous. In some patients, however, small numbers of pear- 
shaped poikilocytes are constantly present, while in the patient 
whose blood film is illustrated in Fig. 123, small thin projections 
from the surface of some of the erythrocytes were a striking and 
unusual feature. 

Absolute Values. Data on absolute values are given in Table 15. 
The MCHC is usually normal but may be above normal in patients 
in whom there is marked spherocytosis (cf., hereditary sphero- 
cytosis, Table 5, p. 94). 

Autohemagglutination. Auto-agglutination, easily visible to the 

1 The nature of macronormoblastic change is still an open question. In 
cases of severe auto-immune hemolytic anemia where marked erythrocyte 
regeneration is taking place, it is possible that minor degrees of folic-acid 
deficiency are, at least partly, responsible for their formation. Compare Figs. 
126 and 127, where relief in the demand on erythropoiesis as the result of 


successful treatment by splenectomy and steroids was followed by a marked 
change in normoblast morphology. No folic acid was given. 


Fre. 120. Photomicrograph of a blood film of a patient who died of a 
fulminating “‘idiopathic’”’? auto-immune hemolytic anemia of 
the warm-antibody type (Case 12 of Dacie, 1954). An extreme 
degree of microspherocytosis can be seen as well as auto- 


agglutination. x 700. 


ry 


Fic. 121. Photomicrograph of a blood film from a patient with a 
severe grade of “idiopathic”? auto-immune hemolytic anemia of 
the warm-antibody type. There ismarked microspherocytosis and 
a definite although minor degree of auto-agglutination. x 700. 


To face p. 354, 


Fic. 122. Photomicrograph of a blood film from a patient with a 
severe grade of “idiopathic” auto-immune hemolytic anemia 
of the warm-antibody type. There is a moderate grade of micro- 
spherocytosis but no auto-agglutination. x 700. 


A 


Frc. 128. Photomicrograph of a blood film from a patient with 
?**idiopathic’’ auto-immune hemolytic anaemia of the warm- 
antibody type (Case 10 of Dacie, 1954). This patient ulti- 
mately died of cirrhosis. There is slight microspherocytosis and 
a suggestion of auto-ageglutination. Several cells have small thin 
projections extending from their surface. x 700. 
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naked eye, may be obvious in freshly withdrawn blood and in 
blood films made from it. The phenomenon is very suggestive of 
the presence of auto-antibodies. In an extreme form it is charac- 
teristic of the presence of high-titre cold antibodies; then massive 
clumping takes place as the blood cools to room temperature after 
withdrawal. However, in a less marked form it also occurs when 
the patient’s erythrocytes are heavily coated with incomplete 
warm antibodies and it is thus a valuable pointer to a serious 
degree of hemolysis (Fig. 121). The phenomenon, which occurs in 
defibrinated blood as well as in blood to which an anticoagulant 
has been added, cannot be abolished by warming the blood to body 
temperature, and it may render the making of wholly satisfactory 
blood films impossible. Auto-agglutination also of course occurs in 
the rare cases in which auto-agglutinins active at body tempera- 
ture are being formed (e.g., Case 12 of Dacie (1954) and Case 7). 
Agglutination may then be massive (Figs. 120 and 124). 

Auto-agglutination has to be distinguished from rouleaux forma- 
tion. If the clumping of the blood is less marked in defibrinated 
blood compared with blood containing an anticoagulant, rouleaux 
may be suspected. Usually, microscopic examination of a suspen- 
sion of erythrocytes in plasma or serum will solve the issue, as the 
distribution or shape of the agglutinated masses of cells in true 
agglutination is usually quite distinct from the intertwining 
columns of rouleaux. The distinction is admittedly much less easy 
in the presence of hypergammaglobulinemia when “exaggerated 
rouleaux”’ and true agglutination appear much the same. Here 
the addition of two to three volumes of saline to the suspension of 
_ erythrocytes in plasma or serum is helpful. Pseudoagglutination 
due to rouleaux is often abolished in this way, or if not abolished 
the rouleaux pattern appears much more typical. In true agglutin- 
ation (due either to warm or cold antibodies) a characteristic 
feature is the stretching out of contiguous cells to a fusiform form, 
sometimes linked by only a fine thread, when subjected to tension 
such as may be produced by light pressure on a cover-slip over- 
lying a “wet” preparation. These are the cells ‘‘en fuseaux”’ of 
Bessis and Freixa (1947), the “‘emazie a fuso”’ of Sansone (1957) 
and the ‘““Gummiband Phanomen”’ of Heilmeyer and Begemann 
(1950). Sansone stressed the value of examining wet preparations 
by phase-contrast microscopy. In addition to seeing fusiform cells 
linked by threads, he pointed out that erythrocytes adhering to 
leucocytes and sometimes surrounding them in various patterns 
form another characteristic finding in auto-immune hemolytic 
anemia. 
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Auto-hemagglutination can be demonstrated to occur in vivo 

by capillary microscopy (Day and Perry, 1950); and there is little 
doubt but that auto-agglutinated erythrocytes have a short 
survival in the blood stream (see p. 610). 
- Reticulocytes. As in other types of chronic hemolytic anzemia, 
a persistently raised reticulocyte count is a typical and characteris- 
tic finding; sometimes the count exceeds 50% (Table 15). As 
mentioned above, the reticulated cells are generally conspicuously 
macrocytic as compared with fully ripened cells (Figs. 121 and 123). 
Naturally, at the onset of a hzmolytic episode in a previously 
healthy subject the reticulocyte count may be within the normal 
range. | 

Reticulocytopenia of various grades is, however, sometimes 
found in auto-immune hemolytic anszemia (Crosby and Rappaport 
(1956) and Case 7) and when severe it may be associated with 
clinically important aplastic crises. The occurrence, significance 
and pathogenesis of marrow hypoplasia or aplasia are considered 
in more detail in a later section (p. 381). 

Siderocytes. These can be found in small numbers in the 
peripheral blood of some cases of auto-immune hemolytic anemia 
before splenectomy (normally they are absent). Remy (1952) 
described a remarkable case where as many as 30% of the peri- 
pheral blood erythrocytes were siderocytes. This patient, who had 
not undergone splenectomy, was severely affected and had many 
megaloblast-like erythroblasts in the bone marrow. Douglas and 
Dacie (1953) reported on 19 patients: the largest numbers of 
siderocytes were found in patients in whom hemolysis was most 
intense; the average count was 2:3°%, with a range from 0 to 21%. 
After splenectomy the average count was 20% (138 patients), the 
range being 1 to 67%. Sometimes the siderocytes seen in peri- 
pheral blood contain unusually large or multiple siderotic granules. 
These are derived from erythroblasts containing more and larger 
granules than normal (Fig. 126). 

The significance of the excess of siderotic granules in the cells 
is as yet unknown. The phenomenon may, however, be linked with 
excessive demands on erythropoiesis. In Figs. 125 and 126 is 
shown the intense ‘‘macronormoblastic”’ (? megaloblastic) erythro- 
poiesis of Case 12 (p. 684), a patient suffering at that time from 
intense hemolysis (mean erythrocyte life span, 3 days). The 
reticulocyte count was 68%. Fig. 126 illustrates some marrow 
cells stained to demonstrate siderotic granules. After successful 
treatment by steroids and splenectomy the demands on erythro- 
poiesis were much less. Marrow films then showed that erythro- 


Fic. 124. Photomicrograph of a blood film from a patient who died of 
an extremely severe “idiopathic”? auto-immune hemolytic 
anemia (Case 7). There is massive auto-agglutination and a 
moderate degree of spherocytosis. Note the breaking up of the 


nuclei of two normoblasts. x 700. 


Fic. 125. Photomicrograph of a bone-marrow film of a patient 
suffering from severe auto-immune hemolytic anemia of the 
warm-antibody type (Case 12). Erythropoiesis predominates; 
it is “‘macronormoblastic’’ or even possibly megaloblastic in 


type. x 700. 
To face p. 358, 


Fic. 126. Photomicrograph of a bone-marrow film of Case 12, 
before treatment. Stained by Perls’s reaction to show siderotic 
granules. Erythropoiesis is macronormoblastic (possibly 
megaloblastic). x 1260. 


Fic. 127. Photomicrograph of a bone-marrow film of Case 12, after a 
favourable response to steroids and splenectomy. Stained by 
Perls’s reaction to show siderotic granules. Erythropoiesis is now 
typically normoblastic (cf. Fig. 126). x 1260. 


Fic. 128. Photomicrograph of a buffy-coat preparation of the peri- 
pheral blood of Case 7, showing erythrophagocytosis by mono- 
eytes. x 700. 


Fic. 129. As Fig. 128, but at a higher magnification. x 1260. 
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poiesis had become typically normoblastic (Fig. 127) and that the 
siderotic granules were much less numerous. 

Erythroblastemia. Normoblasts, mainly polychromatic in 
type, are often present in peripheral blood films, but they are only 
present in large numbers in cases where hemolysis is extremely 
rapid. Probably they always increase in numbers after splenec- 
tomy if the operation does not reduce the rate of hemolysis (Fig. 
18, p. 83; Fig. 124); their presence in the blood stream is to some 
extent at least a reflection of extramedullary erythropoiesis. 

Erythrophagocytosis. This may occasionally be seen in “ wet”’ 
or stained preparations of freshly withdrawn peripheral blood 
(Fig. 11, p. 25; Fig. 18, p. 33), and there are by now many reports 
of the phenomenon in the literature, e.g., by Hargraves, Herrell 
and Pearman (1941), Landolt (1946), Gasser and Hollander (1951), 
Gasser (1952), de Gruchy (1954) and Sansone (1957). 


Zinkham and Diamond (1952) described the phenomenon in the blood 
of two infants, one suffering from an acute and one from a chronic form 
of auto-immune hemolytic anemia. They made the point that 
erythrophages were much more numerous in blood films made from the 
buffy coat of blood centrifuged after incubation for }—-2 hours at 37° C. 
Similar observations have been made more recently by de Gruchy (1954), 
who found evidence of erythrophagocytosis in buffy-coat preparations 
of the blood of five out of eight patients studied, and Schubothe and 
Miiller (1955) and Wolf (1956) have both demonstrated in cases of 
auto-immune hemolytic anemia erythrophagocytosis in blood with- 
drawn from the finger after application of a ligature (Ehrlich’s test) (see 
also p. 552). 


All the above accounts agree that the erythrophages are nearly 
always monocytes, much less frequently neutrophils (Figs. 128 and 
129). It is also clear that the phenomenon is not likely to be seen 
in films of freshly drawn blood except when the patients are 
intensely ill in acute hemolytic episodes; and it is no coincidence 
perhaps that in most instances where erythrophagocytosis has been 
reported the patients have been children (who are notoriously 
prone to hyperacute attacks of hemolysis) (e.g., Case 7, p. 439). 
On the other hand, where buffy-coat films derived from blood pre- 
incubated in vitro are made, erythrophagocytosis seems likely to 
be found not infrequently, and not necessarily only in patients 
suffering from very severe degrees of hemolysis. (The relationship 
between erythrophagocytosis and the type of auto-antibody present 
is considered in Chapter 11, p. 616.) 

Leucocytes. The total leucocyte count varies within wide limits 
in auto-immune hemolytic anemia. Occasionally in chronic cases 
the total leucocyte count is low, particularly the neutrophil count 
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(e.g., Table 15, Case 6). The cause of the neutropenia is not known 
with certainty; it seems unlikely to be due to leucocytes adhering 
to agglutinated or otherwise antibody-affected erythrocytes (cf, 
Swisher, 1956), because where hemolysis is acute a leucocytosis is 
the rule (see below). In some instances the leucopenia may be 
brought about by leucocyte auto-agglutinins, as part of an 
immuno-pancytopenia syndrome (Wasastjerna, 1954; Weinreich 
and Miller, 1956); alternatively, the leucopenia may be a mani- 
festation of hypersplenism (e.g., in Case 6), which is an even less 
satisfactory explanation. 

In acute hemolytic episodes, however caused, leucocytosis 
is characteristic, unless there is concomitant marrow failure (see 
Table 15). Perhaps substances liberated from the destroyed ery- 
throcytes act as stimulants to leucopoiesis. It is quite common for 
the leucocyte count to be raised to 30,000 cells per cu. mm., 
chiefly due to an increase in neutrophils, and for metamyelocytes 
and myelocytes to be present in the circulation. 

Counts considerably in excess of this have, however, been reported, 
chiefly in children. Gasser (1952) reported a case of hyperacute fatal 
auto-immune hemolytic anemia in a child aged 54 years who had a 
‘**pseudo-leukeemic”’ blood picture, a count of 103,000 per cu. mm. 
(87,000 neutrophils) being recorded, and the 7-weeks-old infant reported 
by Gasser and Hollander (1951) had no fewer than 50,000 lymphocytes 
out of a total count of 60,000 leucocytes per cu. mm. This exceptional 
lymphocytosis was perhaps the result of the infant’s age. Braaker 
(1960), too, reported a very high count (99,700 per cu. mm.) in a 4-year- 
‘old child; 30° of the cells were lymphocytes. 


Platelets. The platelet count is normal or low in “idiopathic” 
auto-immune hemolytic anemia (Table 15); in some cases 
thrombocytopenia may be marked and accompanied by purpura. 
This syndrome is described separately (see p. 377). 


Biochemical Changes 


In the absence of complications, e.g., gallstones, and/or liver 
disease, the level of the serum bilirubin seldom exceeds 5 mg. per 
100 ml. (Table 15); the greater part of the pigment is unconjugated. 


Tisdale, Klatskin and Kinsella (1959) recorded the results of the 
separate estimation of direct-reacting pigment in ten patients; the 
highest value recorded for direct-reacting pigment was 0-9 mg., out of 
a total of 6-0 mg., and the highest direct: total pigment ratio was 
30-2°% (0-55 mg. out of a total of 1-82 mg.). Seven out of 24 observations 
on total pigment exceeded 5 mg., five of these being in one patient. 
The highest value (16-1 mg.) was associated with only 0-8 mg. direct- 
reacting pigment. Normally, the direct: total pigment ratio is 8% or 
less, and the higher values found in hemolytic anemia suggest that 
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some conjugated bilirubin may be regurgitated into the blood stream 
from the bile when the excretion of pigment is high, even in the absence 
of overt liver disease. 

Haptoglobins are generally absent but reappear if hematological 
remission takes place. Brus and Lewis (1959) investigated 10 serum 
samples from seven patients; haptoglobins were absent from six of the 
samples, present in traces in two and in normal amounts in two. The 
hemoglobin turnover in the latter two cases was approximately four 
times normal, but one had pyelonephritis and the other was receiving 
steroids. Schumm’s test will often be found to be positive, and in 
patients in whom there is much intravascular hemolysis, 7.e., in most 
severely affected patients, methzmalbumin is demonstrable spectro- 
scopically. 


Osmotic Fragility 

In active cases of auto-immune hemolytic anezemia of the warm- 
antibody type erythrocyte osmotic fragility is usually moderately 
or markedly increased. This increase runs parallel with the degree 
of spherocytosis seen in peripheral blood films. In patients in 
complete remission, on the other hand, the fragility is likely to be 
normal or at the most only very slightly increased. A greatly 
increased osmotic fragility is always associated with a serious 
degree of hemolysis. Observations on a series of patients recently 
investigated by the author are summarized in Fig. 130. Fragility 
was strictly normal in five out of 22 cases and only just increased 
in a further four patients. Two of these patients were acutely ill 
and died of their disease and all the others were in an active 
hemolytic phase. One patient had undergone splenectomy. 
Splenectomy, on the other hand, is not necessarily associated with 
a diminution in fragility—unless the patient goes into remission. 
The patient with the greatest increase in fragility recorded in 
Fig. 180 had in fact undergone splenectomy previously (Case 12 
of Dacie (1954) ). 

The complex relationship between antibody action and increase 
in osmotic fragility is considered in a later section (p. 620). 


In France in the first decade of the century it was the practice to 
carry out osmotic fragility tests with “‘hématies deplasmatisées,”’ 7.e., 
presumably with washed cells resuspended in physiological saline. It is 
interesting to note that with this technique it was claimed that increased 
fragility might be demonstrated in acquired haemolytic anamia when 
the results of tests using whole blood were within the normal range 
(Widal and Abrami, 1907a and b; Le Gendre and Brulé, 1909). The 
method has recently been reapplied to cases of hamolytic anaemia by 
Bakker-v. Aardenne, Verloop and van Boetzelaer (1958) and interesting 
differences noted. Cases of “idiopathic”? auto-immune hemolytic 


anemia do not, however, seem to have been recently investigated in 
this way. 


362 ‘“TpIoPATHIC”’? Type: GENERAL FEATURES 


WARM ANTIBODIES COLD ANTIBODIES 


{@xe) °o 


Fic. 130. Osmotic-fragility data in 22 patients suffering from auto- 
immune hemolytic anemia of the warm-antibody type, in an 
active phase of their disease, and in five patients with auto- 
immune hemolytic anzmia of the cold-antibody type, also in an 
active phase of their disease. 

The saline concentrations causing 1% (top thin horizontal 
bar), 50% (thick horizontal bar) and 100% (bottom thin hori- 
zontal bar) lysis are recorded. + denotes > 1% lysis. 

The upper and lower thin horizontal lines represent the normal 
upper limit for initial (1%) hemolysis and the normal lower 
limit for complete (100%) haemolysis, respectively. 

The two double horizontal lines represent the upper and lower 
limits for 50% hemolysis (MCF). 


Osmotic Fragility after 24 hours’ Incubation at 37° C, 


Increases in osmotic fragility, often but not invariably greater 
than normal, are produced by incubating the blood of patients 
with auto-immune hemolytic anemia for 24 hours at 37° C. 
Selwyn (1953) studied five patients with the warm-antibody type 
of disease; in three of them the increase in osmotic fragility exceed- 
ed that of incubated normal blood. It seems unlikely, however, 
that study of the changes in fragility produced by incubating blood 
from patients with auto-immune hemolytic anemia will have the 
practical application in diagnosis that it has in hereditary sphero- 
eytosis. Young and Miller (1958a) also found that the increases 
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in osmotic fragility were less regular than in hereditary sphero- 
cytosis. Bakker-v. Aardenne, Verloop and van Boetzelaer (1958) 
observed increases which were greater than normal in each of five 
cases. The author’s own data are summarized in Fig. 131. 


ils FRESH BLOOD BLOOD INCUBATED 
AT 37°C. FOR 24hr. 
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Fic. 131. Osmotic-fragility data in seven patients suffering from 
auto-immune hemolytic anemia of the warm-antibody type in 
an active phase of their disease. Before and after incubation 
at 37° C. for 24 hours. See also legend to Fig. 130. 


Mechanical Fragility 


The mechanical fragility of the erythrocytes has seldom been 
studied in auto-immune hemolytic anemia. However, Young, 
Miller and Christian (1951) referred to two patients both of whom 
developed increased erythrocyte mechanical fragility in hemolytic 
crises. The change was noticed to run more or less parallel with 
increases in osmotic fragility. Shaub and Maier (1956) referred 
briefly to six patients, in five of whom the mechanical fragility 
was increased. ‘Two of the patients had normal osmotic fragilities 
and in another patient who went into remission the mechanical 
fragility remained abnormal longer than did the osmotic fragility. 
Shaub and Maier concluded that the estimation of mechanical 
fragility was a delicate method of assessing the intensity of a 
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hemolytic process. More recently, Bakker-v. Aardenne, Verloop 
and van Boetzelaer (1958) summarized the results of carrying out 
the test on five patients with the “‘idiopathic”’ type of disease; the 
mechanical fragility was abnormal in three of these patients using 
fresh blood and abnormal in two when incubated blood was tested. 
They, too, concluded that the results of mechanical and osmotic 
fragility tests do not always run parallel and that the former was 
less dependent on “‘sphering”’ of the erythrocytes. The test is 
clearly of some interest although of little diagnostic value. How- 
ever, the possibility that it could be used as a delicate index of 
in-vivo hemolysis needs further exploration. 


Autohemolysis 
(Incubation at 37° C. for 24 to 48 Hours) 


The rate of autohzmolysis of blood from patients suffering from 
auto-immune hemolytic anzemia is usually significantly increased 
(Dacie, 1950). Occasionally, lysis occurs extremely rapidly, so 
much so that in several of the author’s cases visibly increasing 
lysis was obvious within an hour or so of collection, and in one 
patient it proved impossible to obtain unhemolysed serum or 
plasma (Case 12 of Dacie, (1954)). It is undoubtedly significant 
that in all these patients there was an extreme degree of sphero- 
eytosis. It is in fact probable that the lysis was due in most 
instances not so much to immune-body hemolysis involving com- 
plement as to the disintegration of markedly spherocytic cells. 
Young, Izzo and Platzer (1951) also referred to the very rapid 
lysis of the erythrocytes of two patients in hemolytic crises; they 
contrasted this with rates of lysis only just above the normal 
observed in the same patients during quiescent phases of their 
disease. 

Selwyn (1953) studied the effect on hemolysis of maintaining a 
high concentration of glucose throughout the incubation period. 
In four out of five patients with warm auto-antibodies glucose had 
less than its normal effect in diminishing hemolysis, and in one 
severely ill patient with marked spherocytosis and a rapid rate of 
autohemolysis the presence of glucose had absolutely no effect in 
diminishing hemolysis. In this respect, therefore, there are 
differences between congenital spherocytes, the autohzemolysis of 
which is usually diminished by the normal amount by the addition 
of glucose (see p. 102), and acquired spherocytes. 


Young and co-workers (1956) have extended this work. They also 
have observed, in a study of six patients, that the addition of glucose 
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caused in most instances a slight increase in autohemolysis rather than 
a decrease. Adenosine, on the other hand, generally caused a greater 
reduction in autohzemolysis than in hereditary spherocytosis. The 
significance of these observations is as yet unknown. 

More recently, Verloop and Bakker-v. Aardenne (1958) and Verloop, 
Bakker-v. Aardenne and Ricci (1959) have reported further observa- 
tions. Three patients with the “‘idiopathic”’ type of disease were studied ; 
two showed markedly increased autohzmolysis rates (18% and 23:5% 
lysis at 48 hours). Hzemolysis was substantially reduced by the presence 
of glucose. One of these patients was studied before and after splenec- 
tomy. After splenectomy the rate of autohzmolysis was markedly 
diminished although the osmotic fragility after incubation remained 
increased. This divergence between the effect of splenectomy on osmotic 
fragility and autohzmolysis has also been noticed in hereditary 
sphereocytosis (see p. 102). 


The author’s data on six recently studied cases are shown in 
Table 16. All the patients were actively hemolysing at the time 
the tests were carried out. In spite of this the total amount of 
hemolysis was within the normal range in three of them. The 
effect of the presence of glucose was variable but generally less 
than normal. 


Table 16 


Autohemolysis in Auto-Immune Hemolytic Anemia of the 
Warm-Antibody Type 


% Hemolysis 


Heemo- ; 
globin | Reticulo- 
(g. per 

100 ml.) 


Case No. cytes 24 hr. 24 hr. 48 hr. 48 hr. 
(%) (No (With (No | (With 
glucose added | glucose added 


added) glucose) | added) glucose) 


E.N. 0-2 0-2 22 0-6 

A. R. 0-6 0:7 1-4: 2-2 

G. J. 0:4: 0-4 2:0 1-2 
(Case No. 5) 

C.N. 0-5 0:3 rer 0-9 

B. H. 5:5 4-6 23:5 10-9 

R. D. 3°6 3°3 48 55 


SEROLOGY OF AUTO-IMMUNE HAEMOLYTIC 
ANAMIA OF THE WARM-ANTIBODY TYPE 


A detailed account is given in Chapter 8. Briefly, the characteris- 
tic findings are: a positive antiglobulin reaction, the patient’s 
erythrocytes being coated with y globulin and sometimes with y 
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globulin plus other globulins; the presence sometimes of small 
amounts of free auto-antibody in the patient’s serum which may 
be detected by the agglutination of enzyme-treated erythrocytes 
at 37° C. or by the indirect antiglobulin test; a normal or only 
slightly raised cold-agglutinin titre; and, as a rule, a normal serum 
complement concentration. 

The patients who clinically have “idiopathic” auto-immune 
hemolytic anemia but in whom the results of serological tests are 
negative or equivocal represent a baffling group, which is no doubt 
heterogeneous. Some of these patients may well be forming auto- 
antibodies of unusual character, not clearly demonstrable by 
current techniques, in others an underlying disease eventually 
discloses itself; some are probably cases of “‘hypersplenism”’ with 
hemolysis brought about by splenic hyperplasia. The problem is 
considered in more detail in Chapter 15. 


Clinical and Hematological Features: 


2. Cold-Antibody Type (The Cold-Hemagéglutinin 
Disease) 


As already mentioned, in a minority of patients with “idiopathic” 
auto-immune hemolytic anemia the auto-antibodies are of the 
cold type. In most cases of this type the cold antibodies are 
present in very high concentrations (titre at 4° C. 5 2,000!) and 
have a thermal range of activity stretching up to 28-32° C. These 
patients tend to suffer from a rather distinct clinical syndrome 
(the “‘cold-hemagglutinin syndrome’’), characterized by a very 
chronic hemolytic anzemia of mild to moderate intensity, with, in 
cold weather, Raynaud’s phenomena and usually hemoglobinuria 
also. In other patients, however, the cold antibodies are not 
present in such high concentrations and their thermal range may 
be lower. Such patients less often present with dramatic symp- 
toms such as hemoglobinuria and Raynaud’s phenomena and their 
clinical course may not be easily distinguishable from that of 
patients with chronic auto-immune hemolytic anemia of the warm 
antibody type. 

History. The relationship between the development of high- 
titre cold agglutinins and chronic hemolytic anemia, and the 
association with Raynaud’s phenomena and hemoglobinuria, has 
only been appreciated within recent years. Recognition of this 


1 The assessment of cold-agglutinin titres is attended with unexpected 
difficulties. The reason is that erythrocytes vary widely in their agglutin- 
ability by the antibodies. This problem is discussed later (p. 493). 
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syndrome may be said to start with the case reports of Iwai and 
Mei-Sai (1925, 1926), Roth (1935), Ernstene and Gardner (1935) 
and Salén (1935). Usually, the cold-antibody formation is of un- 
known causation and not associated with any underlying disease. 
The “‘cold-hemagglutinin disease”’ is then an appropriate title. 


Roth’s (1935) patient was a man aged 59, who suffered from 
Raynaud’s phenomenon affecting his hands, feet and nose when exposed 
to mild degrees of cold. General chilling had provoked hemoglobinuria. 
His blood underwent rapid auto-agglutination after withdrawal which 
was reversed by warming. Ernstene and Gardner’s (1935) account was 
more complete: the patient, a man of 388 years, had attacks of heemo- 
globinuria and cyanosis of his ears, nose, fingers and toes on exposure 
to cold. His blood auto-agglutinated at room temperature, erythrocyte 
counts were difficult to carry out and the cold-agglutinin titre was 
reported as 1280. He was anemic, with a hemoglobin of 10-5 g. per 
100 ml. 

Salén’s (1935) case was also remarkable. His patient, a man aged 50 
years, had repeated attacks of cyanosis affecting the ear-lobes, hands 
and feet, and also hemoglobinuria, in cold weather. His serum con- 
tained a high-titre cold agglutinin active in the laboratory to a titre of 
1024 at 0° C.; agglutinination reversed at temperatures greater than 
80° C. A remarkable feature of this case was the way in which both the 
patient’s erythrocytes and normal cells underwent hemolysis after 
exposure to the patient’s serum (see p. 461). 

Iwai and Mei-Sai’s (1925) pioneer (although incomplete) account is 
particularly interesting. Their patient was a 36-year-old Chinese giving 
a 6 years’ history of Raynaud’s disease. He did not apparently suffer 
from hemoglobinuria, nor was there any statement as to whether the 
patient was anemic. His serum, however, contained a high-titre cold 
agglutinin (titre 1,000 at 0° C. after 10 minutes) which acted in vitro at 
temperatures up to 30° C. on normal corpuscles as well as on those of 
the patient. Iwai and Mei-Sai demonstrated that the circulation of the 
. patient’s blood through fine tubes was impeded when the blood was 
cooled to 5° C. and suggested that the Raynaud’s phenomena were 
similarly the result of the capillaries in life being mechanically obstructed 
by auto-agglutinated corpuscles. They also reported that irrigation of 
the eye with saline cooled to 10° C. arrested the flow of blood through 
the conjunctival capillaries as viewed through a corneal microscope. In 
their second case, a woman aged 78, Iwai and Meisai (1926) showed 
that cooling of the fingers was associated with breaking of the column 
of blood in the capillaries of the nail bed. 

There are many other accounts in the literature prior to 1935 in which 
high-titre cold agglutinins or auto-agglutination occurring at room 
temperature has been mentioned but they make rather baffling and 
unsatisfactory reading, at least from the point of view of trying to 
determine whether some of the patients described had been suffering 
from the syndrome under discussion. The patients were for the most 
part insufficiently investigated, by present-day standards, or vital 
information was omitted. In most instances where auto-agglutination 
(“la grande auto-agglutination”’ of French authors) has been the chief 
feature of the case, the patients were probably suffering not from the 
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cold-hemagglutinin disease but from a variety of conditions ranging 
from pneumonia (Clough and Richter, 1918) or pregnancy (Kligler, 
1922) to pernicious anemia and cirrhosis of the liver. Debenedetti 
(1929), Bonnard (1933) and Savonen (1948) give references to this early 
literature. 

The association of hemoglobinuria, usually precipitated by cold, 
and Raynaud’s phenomena and/or gangrene of exposed parts of 
the body has also frequently been reported in the earlier literature, 
even in that of the latter half of the nineteenth century. Unfor- 
tunately, these reports do not mention the vital point as to the 
presence or absence of auto-agglutination. In some, the result of 
an erythrocyte count was reported without comment (e.g., Henry, 
1894). Most of these patients seem likely to have been suffering 
from paroxysmal cold hemoglobinuria (see Chapter 10, p. 550, for 
references), but in some instances the cold-hemagglutinin disease 
is a possibility!. 

The cold-hzemagglutinin disease is clearly an uncommon 
disorder but it can hardly be considered a rarity, and it is interest- 
ing to recall that as late as 1936 Hunt in his comprehensive review 
omitted the association with high-titre cold agglutinins from his list 
of the circumstances under which Raynaud’s phenomena might 
occur. Raynaud’s phenomena, with involvement of the nose and 
ears, were recognized by Hunt (particularly if associated with 
hemoglobinuria) as a phenomenon of congenital syphilis, but the 
syndrome in adults associated with high-titre cold agglutinins was 
not mentioned. 

The reports of Roth, Salén and Ernstene and Gardner in 1935 have 
been followed by a succession of papers but the syndrome did not 
receive wide recognition until the early 1950’s. Relatively early reports, 
filling in details here and there, include those of McCombs and McElroy 
(1937), Formijne (1940), Benians and Feasby (1941), Stats and Bullowa 
(1943), Heilmeyer and Schubothe (1946, 1948), Whittle, Lyell and 
Gatman (1947), Heilmeyer, Hahn and Schubothe (1947), Baumgartner 
(1948), Benhamou, Zermati and Assus (1948), Bateman (1949), Malley 
and Hickey (1949), Schubothe and Altmann (1950), Ferriman, Dacie, 
Keele and Fullerton (1951), Gualandi and Lorenzini (1951), Bertoli and 
Baratta (1951) and Chien Chren Chiu and Hwan-Wen You (1952). 
Schubothe (1952) seems to have introduced the term “‘Kalteagglutinin- 


krankheit.”’ 
More recent reports and reviews include those of van Loghem and 


1 Druitt (1873), for instance, described in great detail the history, extending 
over 6 years, of a doctor aged 51 in whom cold or chilling brought on attacks 
of numbness of the feet and purplish-blue discolouration of the hands which were 
followed by the passage of bloody urine (‘“‘hematinuria’’). The patient even- 
tually obtained relief by living in India. Druitt believed that the nervous system 
was involved as well as the blood and wondered whether the latter was not 
undergoing ‘‘a hzemolysis, a decomposition or necrosis of blood globules’’. 
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co-workers (1952), Nelson and Marshall (1953), Rorvik (1954), Goude- 
mand and Ropartz (1954), Bonnin (1954), Dacie (1954, p. 175), André 
and co-workers (1955), Conn (1955), Baumgartner (1955), Pisciotta 
(1955), Wiener and co-workers (1956), Saita and Martelli (1956), Dacie 
(1957), Gaddy and Powell (1958) and Firkin, Blackwell and Johnston 
(1959). All the patients referred to in these papers were anemic and 
had high-titre high-thermal-amplitude cold agglutinins in their serum; 
not all, however, were reported as having hemoglobinuria but most 
showed varying degrees of Raynaud’s phenomena. 


In addition to the above reports in which cases illustrating the 
syndrome more or less completely are described, there are other 
clinical reports which are difficult to classify. For instance, 


1) 10 20 30 40 5O 60 7O 80 
AGE IN YEARS 
Fic. 132. Age distribution of 45 patients suffering from auto-immune 
hemolytic anemia of the cold-antibody type. Open squares = 
‘idiopathic’? cases; dotted squares = secondary cases; filled-in 


squares = post-virus pneumonia cases; diagonally ruled squares 
= paroxysmal cold hemoglobinuria. 


Képplin’s (1936) patient may have had a cold-antibody type of 
hemolytic anemia grafted on to a congenital hemolytic anemia, 
and both Forbes (1947) and Mellinkoff and Pisciotta (1949) 
described young men with Raynaud’s phenomena without hzemo- 
globinuria and without a significant anemia. Other patients with 
hemolytic anemia personally studied by the author (e.g., Case 18 
of Dacie, 1954), who formed cold auto-agglutinins of high thermal 
amplitude but did not suffer from Raynaud’s phenomena or 
hemoglobinuria and who presented somewhat distinct and 
characteristic serological pictures, are referred to on p. 373. 


Clinical Features 


Age and Sex. The disease seems particularly to affect relatively 
elderly subjects and both sexes are affected; the age distribution 
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contrasts sharply with auto-immune hemolytic anemia of the 
warm-antibody type (cf., Fig. 119 and Fig. 132). The ages of the 
29 patients described in the literature quoted above ranged from 
38 to 81 years when their illness was first diagnosed; 22 of these 
patients were males and seven women. The ages of 21 patients 
investigated by the author are shown in Fig. 132. Their ages ranged 
from 82 to 80 years; 16 of them were women and five were men. 


Symptoms and Signs of the Disease: 1. Typical Cases of the 
Cold-Hemag¢glutinin Disease 


General Features. Anzmia is variable and not as a rule 
severe, and it is interesting to note that in only two of the 12 
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Fic. 133. Effect of the seasons on the hemoglobin concentration of 
Case 9 (cold-hemagglutinin disease). (From Dacie, 1957.) 


patients reviewed by Ferriman and his co-workers (1951) was the 
hemoglobin concentration reported as falling below 7-4 g. per 100 
ml. Anzemia may be slight in warm weather, and most patients 
become definitely more anemic in winter time (Fig. 133); some, 
at least, improve without treatment if kept warm in bed (Fig. 134). 
The disorder is typically a very chronic one. One of the patients 
described by Ferriman and his co-workers was known to be 
affected in 1938; she died of her disease in 1953, 15 years later, and 
many other instances of a prolonged course can be found in the 
literature. The disorder in fact at its best remains static; at its 
worst it only progresses slowly in intensity. It is true that there 
are reports of spontaneous or perhaps induced clinical (and 
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serological) improvement or cure (e¢.g., Benhamou, Zermati and 
Assus, 1948; Ber and Stetkiewicz, 1954; Kumar et al., 1958), but 
the rarity of these reports suggests that these patients’ illness may 
have had a different etiology. 

Physical Signs. The patients’ appearance is often dominated 
by Raynaud’s phenomena (described as acrocyanosis by some 
authors). Their pallor and jaundice do not present any special 
features; as in the warm-antibody type of the disease the intensity 
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Fic. 134. Effect of treatment with steroids and bed rest on the 
hemoglobin concentration of Case 9 (cold-hemagglutinin 
disease). (From Dacie, 1957.) 


of these signs depends upon the rate of hemolysis and the ability 
of the liver to excrete bilirubin. The spleen seems to be palpably 
enlarged only in a minority of patients. The liver may be slightly 
enlarged but this is not usually a conspicuous sign. The feces are 
dark and contain excess stercobilin and the urine typically contains 
some excess of urobilin. As discussed below, hemoglobinuria often 
occurs in cold weather and hemosiderinuria may be conspicuous 
and a more constant sign of intravascular hemolysis (see Figs. 136 
and 137). 

A tendency to easy bruising has been recorded (Firkin, Blackwell 
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and Johnston, 1959) but this is an unusual symptom, as was the 
unusual tendency to venous thrombosis following venepuncture 
described by Heilmeyer and Schubothe (1948). 

Raynaud’s Phenomena. Typically, the patients complain that 
in cold weather their fingers become cold and stiff, and become 
purplish in colour and slightly painful and numb, and that their 
toes, ear lobes and the tip of their nose may be similarly affected. 
An excellent colour photograph is to be found in Baumgartner’s 
(1954) paper. The phenomena are quickly reversible in a warm 
environment and most patients are free from these symptoms in 
summer time. 

Occasionally actual gangrene of a digit or digits has been 
observed (e.g., Ferriman et al., 1951; Nelson and Marshall, 19538; 
Gaddy and Powell, 1958; Kumar et al., 19581). Rervik (1954) 
reported even more serious effects: oedematous swelling and 
ulceration of the ears and weeping ulcers secondary to necrosis of 
the skin and subcutaneous tissues. He also noticed that pressure 
applied to the skin appeared to precipitate underlying necrosis. 
Saita and Martelli (1956) reported gangrene of the whole left hand; 
their patient had, however, worked with vibrating tools in the past 
and was known to have suffered from local angiospasm before the 
development of the cold agglutinins. 

The association of actual tissue gangrene with the presence of 
eryoglobulin, e.g., in the cases of Ferriman and his co-workers 
(1951), Rorvik (1954) and Gaddy and Powell (1958), has led to the 
idea that precipitation of cryoglobulin rather than auto-hzemag- 
glutination brings about the gangrene. The point needs further 
elucidation, but it is clear at least that a similar clinical vascular 
syndrome may be produced by cryoglobulinemia not associated 
with high-titre cold agglutinins (Berndt, 1956). Perhaps the onset 
of gangrene is determined as much by local vascular degenerative 
changes as by changes in the patient’s serum. It should also be 
added that in some cases both cryoglobulins and high-titre cold 
agglutinins are present together in the same serum (e.g., Conn, 
1955). In some cases at least it is the cold agglutinin which is the 
cold-precipitable protein (see p. 484). 

The pathogenesis of the Raynaud’s phenomena brought on by 
local chilling in patients whose blood contains high-titre high- 
thermal-amplitude cold agglutinins is now generally agreed to be 


1 The patient described by Kumar and his colleagues (1958) was a young 
woman aged 32 admitted to hospital with gangrene of her fingers and toes of 
10 days’ duration. This case may conceivably have followed a virus infection. 
The cold antibodies eventually disappeared. 


Fic. 135. Urine deposit, stained by Perls’s reaction to demonstrate 
heemosiderin. Case 12. x 1250. 


Fic. 136. Urine deposit, stained by Perls’s reaction to demonstrate 
heemosiderin. Case 9. x 1250. 


To face p. 372. 


Fic. 137. Photomicrograph of section of kidney of a patient suffering 
from the cold-hemageglutinin disease (Case 2 of Ferriman et al. 
1951). Perls’s reaction to demonstrate hemosiderin. x 175. 


Fic. 188. Photomicrograph of a blood film of a patient suffering from 
the cold-hemagglutinin disease (Case 9). There is massive 
auto-agelutination but little spherocytosis. x 700. 
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due to autohemagglutination within the blood vessels bringing the 
circulation to a halt. 

This mechanism was first suggested by Iwai and Mei-Sai (1925, 1926) 
and demonstrated by them by observing the effect of chilling on the 
conjunctival and nail-bed capillaries. Good illustration of the clumped 
erythrocytes and arrested circulation in conjunctival capillaries are 
given in the papers of Baumgartner (1948) and Harders (1958). Marshall, 
Shepherd and Thompson (1953) and Hillestad (1959) have shown that 
the blood-flow reactions to chilling are quite distinct from those in 
Raynaud’s disease proper. No evidence of an abnormal vascular 
response could be obtained. Hillestad (1959) pointed out that the 
occurrence of Raynaud’s phenomena depended on the titre and thermal 
amplitude of the cold agglutinins, the viscosity of the blood and the 
individual patient’s vascular responses to cold. Peripheral vascular 
stasis can be diagnosed, according to Hillestad, by the absence of 
blanching in the cyanosed areas on pressure and by the failure of cold 
vasodilatation which normally should occur at temperatures below 15° C. 
The arrest in circulation is not simply confined to the superficial blood 
vessels; the circulation of whole parts may be arrested. For instance, 
Hillestad showed in one patient that when the ambient temperature 
was 17° C. the circulation in his hands and feet rapidly decreased, while 
at 14° C. it was arrested. 

Hemoglobinuria. Most patients experience haemoglobinuria 
in particularly cold weather, but its frequency varies from patient 
to patient. In some, hemoglobinuria was never observed despite 
the fact that Raynaud’s phenomena were intense in cold weather 
(e.g., Case 2 of Ferriman et al., 1951); in others, such as the patient 
described by Bonnin (1954), hemoglobinuria was a striking and 
frequent symptom. It is possible that the presence or absence of 
heemoglobinuria is correlated with subtle differences in the ability 
of the antibodies to bring about lysis by complement (see p. 634). 
The hemosiderosis of the kidneys (Fig. 137), and the probable con- 
tinuous occurrence of hzmosiderinuria in patients not showing 
hemoglobinuria, is simply a reflection of less intense, but never- 
theless intravascular, hemolysis. 


Symptoms and Signs of the Disease: 


2. Less Typical Cases without Raynaud’s Phenomena 
and Hemoglobinuria 


The present author has studied four patients with “idiopathic” 
auto-immune hemolytic anemia of the cold-antibody type whose 
clinical and serological features, although diverse, have certain 
features in common. One patient (L. R.) was described as Case 13 
by Dacie (1954), and two others were reported as Case 5 (M. G.) 
and Case 12 (M. J.) by Dacie and de Gruchy (1951), respectively. 
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None of these patients has experienced Raynaud’s phenomena 
and for this reason they can hardly be classified as suffering from 
typical cold-hemagglutinin disease and only one had hemo- 
globinuria. This was the patient, M. G., a woman aged 56, who had 
hemoglobinuria only at the onset of her illness when she experi- 
enced an acute hemolytic crisis. She was splenectomized and 
eventually made a complete recovery, and 11 years later is well 
although the direct antiglobulin test is still positive. Case 13 of 
Dacie (1954) likewise eventually recovered from her hemolytic 
anemia, although the serological signs also remained positive; she 
died from pulmonary hypertension consequent upon multiple 
embolization of the lungs (see British Medical Journal, 1960). 

The patient described as M. J., a woman aged 73, underwent 
splenectomy in November 1950; she, too, went into remission and 
this lasted until October 1952. Heemolysis then recurred but she 
is known to have responded well to ACTH in September 1954. The 
illness of the fourth patient, O. G., a woman aged 382, has pursued 
a fluctuating course for over 4 years, being influenced favourably 
by courses of ACTH and splenectomy. Three years before the 
onset of her anemia she had had a hemiplegia; the Wassermann 
and Kahn reactions were positive and in consequence she was 
treated for syphilis. It is interesting to note that patients L. R. 
and M. J. also gave positive serological tests for syphilis; however, 
in the absence of any supporting evidence for the infection the 
tests were considered to be “false-positive.” 


The Blood Picture 


Autohemagéglutination. A marked degree of macroscopic 
auto-agglutination occurring within a few seconds when blood 
samples are allowed to cool below body temperature is a charac- 
teristic sign, as is the rapidity with which the gross auto-agglutina- 
tion reverses to give a smooth normal appearance when the blood 
sample is placed in a 37° C. water-bath. Equally characteristic is 
the clumping observed in diluted blood prepared for blood counting 
unless the strictest care is taken to keep the blood, pipette and 
diluting fluid at body temperature. It is the ready reversibility 
and the grossness of the agglutination which distinguishes cold 
auto-agglutination from the finer irreversible auto-agglutination 
just visible to the naked eye which is characteristic of erythrocytes 
coated by warm antibodies. 

Associated with, and in consequence of, the massive auto- 
agglutination is an abnormal tendency of concentrated cell-plasma 
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or cell-serum suspensions to undergo hemolysis in vitro, as stressed 
by Stats (1945), and unless care is taken it is difficult to obtain 
unhemolysed plasma or serum. If, however, the blood is delivered 
by means of a needle and a short piece of rubber tubing into a 
container previously warmed to 37° C., or if a previously warmed 
syringe! is used to withdraw the blood, unhemolysed plasma or 
serum may be regularly obtained. Similarly, good films may be 
made if slides previously warmed to 37° C. are used (see Fig. 155). 
Films made on slides not warmed above room temperature usually 
present the characteristic appearance shown in Fig. 138. 

Erythrocytes. Except for the possible presence of auto- 
agglutination the erythrocytes are usually less abnormal than in 
cases of auto-immune hemolytic anemia of the warm-antibody 
type. For one thing, the patients are usually considerably less 
anemic (see Table 17); anisocytosis and macrocytosis are less 
marked and poikilocytes are usually inconspicuous. Spherocytosis 
is less intense (Fig. 138). Polychromasia will be present according 
to the reticulocyte count. Nucleated erythrocytes are seldom 
present in large numbers. Erythrophagocytosis cannot usually be 
seen in films of freshly drawn blood but it has been described 
(Baumgartner, 1948); it may be observed more frequently in blood 
which has been incubated or in buffy-coat preparations. 

Absolute Values. The MCV is normal or slightly increased and 
the MCHC usually normal (Table 17). 

Reticulocyte Count. Slight to moderate increases are the rule, 
paralleling the intensity of haemolysis (Table 17). Reticulocyto- 
penia sometimes occurs (é.g., at the start of the illness of M. G. 
(Case 5 of Dacie and de Gruchy, 1951)), as in patients with the 
warm-antibody type of the disease (see p. 381), but severe grades 
are clearly rare. 

Leucocytes and Platelets. The counts are usually normal, but 
both leucopenia and thrombocytopenia may be encountered (see 
Kable 17). 

Osmotic Fragility. This may be normal but often it is slightly 
increased (Fig. 130). The tests should ideally be carried out at 
37° C. and because rise in temperature increases osmotic resistance 
the normal standard range cannot then be used for comparative 
purposes. 

Mechanical Fragility. This test is inappropriate as auto- 
agglutinated whole blood undergoes marked hemolysis if manipu- 
lated in any way 


1 It is convenient to warm the syringe and its container in an oven at a 
temperature of 45—50° C. 
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Serum Bilirubin. Clinical jaundice and rise in serum-bilirubin 
level are variable features. Some of the author’s own data are 
given in Table 17. 

Urine and Feces. As mentioned previously, haemoglobinuria 
in cold weather is a conspicuous sign. In the absence of hzeemoglo- 
binuria a slight to moderate excess of urobilin may be demonstrable. 
In some patients at least the amounts of iron in the urine (hemo- 
siderin) are comparable with those found in paroxysmal nocturnal 
heemoglobinuria (Fig. 136). 

The feces contain an increased amount of stercobilin. 


SEROLOGY 


The serological findings in the cold-antibody type of auto- 
immune hemolytic anzmia are described in detail in Chapter 8. 
In summary: the direct antiglobulin test is positive—even if the 
erythrocytes are not allowed to cool below 37° C. before the test 
is carried out. The reaction is of the “non-y-globulin type.’ The 
patients’ sera contain large amounts of high-thermal-amplitude 
auto-agglutinin; titres at 2° C. range as a rule from 2,000—64,000, 
occasionally even higher, and agglutination usually persists up to 
temperatures of at least 28-32° C. The patients’ own erythrocytes 
are not agglutinated at 37° C. although normal cells may be. The 
patients’ sera can often be shown to lyse normal erythrocytes in 
vitro under suitable conditions of temperature and pH, 7.e., at 20° C. 
and pH 6-5—-7-5. Serum complement is often reduced in amount. 
The Wassermann and Kahn reactions are typically negative. 


RELATIONSHIP BETWEEN AUTO-IMMUNE 
HAEMOLYTIC ANAMIA, THROMBOCYTOPENIA AND 
THROMBOCYTOPENIC PURPURA 


Particularly since the publications of Evans and Duane (1949) 
and Evans and co-workers (1951) especial interest has been taken 
in the relationship between thrombocytopenia and hemolytic 
anemia of the auto-antibody type. 

Evans and Duane (1949) reported that five out of 11 patients 
suffering from acquired hemolytic anemia had persistently low 
platelet counts, and that one of the patients actually suffered from 
clinical manifestations of purpura. In two of the patients there 
was a symptomless leucopenia. It was suggested that the thrombo- 
cytopenia and leucopenia might depend upon the formation of 
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auto-antibodies capable of destroying platelets and leucocytes in 
addition to those acting upon the patients’ erythrocytes. 


The thesis that the anemia, thrombocytopenia and leucopenia might 
have a pathogenesis in common was further developed by Evans and 
co-workers (1951). Out of 18 patients with acquired hemolytic anzemia, 
ten had normal platelet (and leucocyte) counts, four patients had 
thrombocytopenia but no purpura, and four had thrombocytopenia and 
the clinical signs of purpura (one patient had tuberculosis of the spleen). 
In addition, it was reported that in six out of 11 patients with thrombo- 
cytopenia but without hemolytic anemia the direct antiglobulin test 
was, nevertheless, positive. Two of the patients of Evans and co-workers 
suffering from hemolytic anemia and purpura were women, both of 
whom were pregnant; in these patients, and in a male patient, the 
hemolytic anemia and purpura seem to have developed simultaneously. 

Other cases of simultaneous or successive hemolytic anemia and 
thrombocytopenic purpura have been described by Gasser and 
Hollander (1951) in an infant, by Loeb, Seaman and Moore (1952) in an 
adult, by Baumgartner (1956a) in a child, by Weiner, Whitehead and 
Walkden (1956) and Harris-Jones, McLellan and Owen (1958) in adults, 
and by Kintzel and Schmidt (1960) in a child. 


Dausset and Colombani (1959) in a review of 83 “‘idiopathic”’ 
warm-antibody cases encountered thrombocytopenic purpura in 
11 (13-2%): in three instances the purpura had preceded the 
hemolytic anzemia; in five it arose simultaneously and in three the 
purpura developed after the haemolytic anzemia. 

The present author has also encountered several examples of the 
syndrome. Two are described on p. 389 and p. 439, respectively. 

Auto-immune hemolytic anzmia has even supervened in 
patients who had previously undergone splenectomy for thrombo- 
eytopenic purpura. Waugh (1932) described a probable example 
of this sort in a woman aged 39 who died of a fulminating hemoly- 
tic anemia. Four years previously she had undergone splenectomy 
for chronic thrombocytopenic purpura. The patient described by 
Dacie (1954) as Case 12 and Case 10 of Dacie and de Gruchy (1951) 
are further examples of acquired haemolytic anemia developing in 
patients previously splenectomized for thrombocytopenic purpura. 
A more recent patient was a boy, under the care of Dr. J. Sakula at 
the Central Middlesex Hospital, who died of very severe hemolysis, 
after an 8 years’ illness of alternating or combined thrombocyto- 
penic purpura and hemolytic anemia for which he had had 
splenectomy (Case 7, p. 439). 

Several other patients of the author have had low platelet 
counts but have not developed spontaneous purpura; and patients 
known to have leucopenia and thrombocytopenia in addition to 
hemolytic anemia were described by Young and Miller (1953b). 
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Leucocyte and platelet agglutinins have been reported as being 
present in some of these patients (Miller and Weinreich, 1956; 
Baumgartner, 1956a), and the term “‘immuno-pancytopenia”’ has 
been used to describe the disorder from which they were suffering. 

Crosby (1955) and Crosby and Rappaport (1957) have pointed 
out that when thrombocytopenia is present in auto-immune 
hemolytic anemia the outlook for the patient is grave. Of the 
patients they reviewed, 12 of 17 patients with thrombocytopenia 
died compared with five of 16 patients who did not have thrombo- 
eytopenia. Chertkow and Dacie (1956) also concluded that the 
chances of a recovery following splenectomy were less in patients 
who had thrombocytopenia. Certainly the histories of the patients 
studied by the author (Case 12 of Dacie (1954) and Cases 4 and 7, 
p. 389 and p. 439) underline the serious nature of the combination of 
thrombocytopenic purpura and auto-immune hemolytic ansemia. 


THE BONE MARROW IN AUTO-IMMUNE 
HAMOLYTIC ANAEMIA 


As in other chronic hemolytic anzemias, hypertrophy of the 
bone-marrow takes place to a varying extent. This is roughly 
proportional to the intensity of the hemolytic process. Thus red 
marrow spreads into the shafts of the long bones where in adults 
little heemopoiesis normally takes place. The fat spaces normally 
present may almost if not entirely disappear. This hypertrophy is 
primarily due to hyperplasia of erythropoietic cells with the result 
that the erythroid : myeloid ratio may even exceed unity (Fig. 
125). Bone-marrow aspiration biopsy shows that erythropoiesis is 
typically normoblastic or macronormoblastic in type. Mitotic 
figures are frequent. 

As hemolysis becomes intense erythropoiesis tends to become 
abnormal: in some cases there is a tendency for the nuclei of 
mature normoblasts to break up into two or more lobes of varying 
size (Fig. 124), and for Howell-Jolly bodies to be present in the 
cytoplasm of some of the normoblasts; many ‘“‘macronormo- 
blasts”? with pyknotic or partly pyknotic nuclei and bulky cyto- 
plasm may be present and the nuclei of partly ripened cells may 
appear megaloblast-like (Remy, 1952) (Figs. 125 and 126). Bare 
normoblast nuclei are usually conspicuous in the cytoplasm of 
phagocytic reticulum cells. 

The amount of iron demonstrable by Perls’s reaction is usually 
small, no doubt due to rapid reutilization of iron in the marrow 
for the synthesis of hemoglobin. However, in some marrows the 
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developing normoblasts and marrow reticulocytes contain exces- 
sive numbers of unusually large siderotic granules (Fig. 126). The 
cause of the excess siderotic granules is not yet clearly understood. 
In one patient (Case 12) they were observed to revert to normal 
following remission induced by steroids and splenectomy (see also 
p: 686). 

Occasionally, evidence of erythrophagocytosis may be seen in 
sections of bone marrow. It is less frequently seen in films of 
marrow made from aspirated material; this is probably because 
most of the fixed phagocytic cells, if aspirated at all, remain 
embedded in the fragments of marrow tissue. Herrador and De 
Castro (1960), however, reported seeing phagocytosis of both 
leucocytes and erythrocytes in the marrow film of one patient. 

The above description is largely based on observations made on 
the marrows of patients suffering from the warm-antibody type of 
disease, but there is no reason to suppose that the appearances of 
the marrow of patients forming cold auto-antibodies differ in any 
fundamental respect. In particular, plasma cells, possibly the 
source of the cold agglutinins, are not present in excess, as judged 
from the author’s own material. Firkin, Blackwell and Johnston 
(1959) also reported no excess of plasma cells in the marrow of their 
patient. It should be added perhaps that the presence of the 
intense auto-agglutination makes it difficult to prepare good mar- 
row films. 

Megaloblastic Erythropovesis 


The abnormal marrow findings described above have some 
features In common with megaloblastic erythropoiesis, e.g., the 
“open”? appearance of some of the cell nuclei, the Howell-Jolly 
bodies and the fragmenting nuclei. It is in fact possible, but un- 
proved, that they are signs of early megaloblastic change, due 
perhaps to temporary deficiency of hemopoietic factors resulting 
from the very great demands of an hyperactive marrow. Overt 
megaloblastic erythropoiesis certainly occurs, as in other types of 
hemolytic anzmia, but it has not often been reported. 


Grueland (1950) described an example of severe acquired hzemolytic 
anzemia (probably of the auto-immune type) in an elderly woman whose 
marrow was partially megaloblastic, and referred to several earlier cases 
in the literature of hzemolytic anemia plus “pernicious anzemia”’ or of 
‘‘pernicious anszemia’’ accompanied by increased osmotic fragility. 
Probably in most instances of this kind there is some underlying reason 
causing a conditional deficiency of haemopoietic factors, such as latent 
malabsorption syndrome or pregnancy, which leads to folic-acid 
deficiency, or incipient pernicious anemia. More recent and better 
investigated cases of this sort were described by Baikie and Pirrie (1956), 
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Rubio and Burgin (1957), Chanarin, Dacie and Mollin (1960) (Fig. 17, 
p. 32) and Willoughby and co-workers (1961). It should be added 
perhaps that the auto-immune status of Baikie and Pirrie’s patients’ 
illness was doubtful—she responded to vitamin B,,, and that no cause 
for the folic-acid deficiency other than the hemolytic anzemia could be 
demonstrated in Chanarin, Dacie and Mollin’s patient. Rubio and 
Burgin’s patient was thought to be suffering from coincidental genuine 
pernicious anzemia. 


Aplastic Crises in Auto-Immune Hemolytic Anemia 


Severe reticulocytopenia, the result of marrow aplasia is now 
recognized to be an uncommon but important complication of an 
auto-immune hemolytic anemia. Acute aplastic crises have been 
reported by Davis and co-workers (1952), Linke (1952), Wagner 
(1955), Seip (1955), Bowman (1955) and Veras and Manios (1956), 
while more prolonged crises with severe reticulocytopenia have 
been observed by Eisemann and Dameshek (1954), Bonham 
Carter, Cathie and Gasser (1954) and Bousser and co-workers 
(1955), and by Martoni and Musiani (1956), Harley and Dods 
(1959, Case 8) and Lees (1960) in infants. 

Linke (1952), in an experimental study in which rats were given 
anti-rat-erythrocyte hzemolytic serum, also observed severe 
reticulocytopenia in 18 out of 45 rats. This developed within a 
few hours of the administration of the serum, and it seemed likely 
that the hemolytic serum was acting on the bone-marrow cells. 
A similar explanation was advanced by Eisemann and Dameshek 
(1954) and Gasser (1955). Eisemann and Dameshek, however, 
suggested, as an alternative, that “hypersplenism”’ might be 
responsible. Their patient recovered after splenectomy, although 
reticulocytes did not appear in the peripheral blood until 18 days 
after the operation. The infants reported by Martoni and Musiani 
(1956) and by Lees (1960) also may have been benefited by 
splenectomy. In the patient of Bonham Carter, Cathie and Gasser 
(1954), however, splenectomy had no apparent beneficial effect and 
in Linke’s experimental hemolytic anzemias three rats previously 
splenectomized developed reticulocytopenia. 

It is noteworthy that Steffen (1955) and Pisciotta and Hinz (1956) 
have demonstrated by means of the antiglobulin test that the nucleated 
erythrocytes of the bone marrow of several patients with auto-immune 
hemolytic anemia were ‘“‘coated”’ by auto-antibodies. Rossi, Diena and 
Sacchetti (1957), too, showed that erythroblasts, even immature 
basophilic ones, were agglutinable by auto-antibodies of both the warm 
and cold types, and Sacchetti, Diena and Rossi (1957) reported visible 


evidence of damage to erythroblasts when these were cultured in vitro 
in serum from patients with auto-immune hemolytic anzemia, 
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The relationship between marrow aplasia and hemolytic anzemia is 
a complex one and some of the case reports are not easily classified. 
Rohr (1952) referred to an ‘“aplastisch-hamolytisches Syndrom”’ and 
instanced as examples of this congenital aplastic anaemia (Fanconi) with 
shortened erythrocyte life-span, chronic acquired cases with auto- 
antibody formation and also paroxysmal nocturnal hemoglobinuria. 

-Hennemann and Falck (1957) described two unusual cases: the first 
was that of a fatal auto-immune hemolytic anzmia, associated with 
reticulocytopenia but with a hyperplastic marrow, the second an 
apparent example of “‘primary” aplastic anemia with latent hemolysis 
and a negative antiglobulin test at first and a strongly positive one later, 
which terminated in a fatal haemolytic crisis. Beickert’s (1956) case, 
considered to be an aregenerative variant of ‘‘Loutit’’ anemia, had an 
extremely hyperplastic erythropoietic bone marrow (not unlike that of 
erythremic myelosis), yet continuous reticulocytopenia. 

More recently, Burston and co-workers (1959) reported two cases 
where auto-immune hemolytic anzemia was accompanied by reticulo- 
cytopenia, leucopenia, in one case thrombocytopenia, and marrow 
hypoplasia. The first patient gradually recovered following steroid 
therapy; the second, who had reticulocytopenia and leucopenia only, 
died and tuberculosis, possibly reactivated by steroid therapy, was 
found at necropsy. 


PATHOLOGY OF AUTO-IMMUNE HAMOLYTIC 
ANAMIA 


The main features may be summarized as follows: widespread 
hyperplasia of reticulo-endothelial cells, with evidence of erythro- 
phagocytosis; splenomegaly with varying degrees of vascular 
engorgement; a lesser degree of hepatomegaly; hyperplasia of the 
bone marrow; and widespread hemosiderosis. Oettinger’s (1908) 
report is perhaps the earliest available. 

Spleen. Early reports of the histology of the spleen in acute 
hemolytic anzemia were summarized by Dameshek and Schwartz 
(1940). The organ has usually been reported to be between twice 
and five times its normal size. The histological picture is not as 
uniform as it is in patients with hereditary spherocytosis. How- 
ever, there is usually considerable congestion with blood, and 
sometimes this approaches in degree that seen in hereditary 
spherocytosis. Dameshek and Schwartz mentioned the presence 
in one of their cases of numerous thromboses of veins and capil- 
laries which resulted in multiple venous infarctions. Sometimes 
macroscopic infarcts occur. 

Irrespective of the degree of congestion, there is hyperplasia of 
the reticulum cells of the spleen pulp; in most instances, too, 
erythrophagocytosis is easily seen. Some of the erythrophages are 
distended with up to six, or even more, ingested erythrocytes; in 
other cells abundant brownish iron-containing pigment (hemo- 
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siderin) is evidence of past phagocytic activity. In these respects— 
reticulum-cell hyperplasia and erythrophagocytosis—the histo- 
logical appearances of the spleens differ from those of typical 
hereditary spherocytosis in which neither reticulum-cell hyper- 
plasia nor evidence of phagocytosis is well marked. Another 
commonly observed feature is the presence of small islands of 
myeloid (mostly erythroid) metaplasia. Again, this change is not 
so commonly seen in hereditary spherocytosis. 


Rappaport and Crosby’s (1957) comprehensive account contained a 
wealth of detail. Their report included a histological study of 30 spleens 
(mostly surgical specimens) obtained from patients suffering from auto- 
immune hemolytic anemia not associated with malignancy. The 
spleens weighed on an average 650 g., five weighed more than 1,000 g. 
In 18 patients the degree of pulp congestion approached in intensity 
that found in hereditary spherocytosis; in 11 patients the sinuses were 
congested and the pulp cords narrow and relatively bloodless. Hyper- 
plasia of the reticulum cells of the splenic cords associated with infiltra- 
tion by lymphocytes and macrophages was conspicuous in 12 spleens; 
plasma cells were conspicuous in seven and macrophages in nine. The 
endothelial cells lining the splenic sinuses were often hyperplastic and 
invariably contained material reacting positively for ionized iron, and 
iron-containing macrophages were sometimes to be seen free in the 
lumina. Erythrophagocytosis was detected in 80% of the spleens; the 
erythrophages were more easily detected in the sinuses than in the pulp. 
Extramedullary hemopoiesis was seen in ten spleens removed at opera- 
tion and in five post-mortem specimens: erythropoiesis predominated 
but in a few instances megakaryocytes were also present. 


Liver. In fatal cases the liver has usually been described as 
enlarged. The enlargement is mostly due to congestion with blood. 
There may in addition be areas of focal necrosis, as well as hyper- 
plasia of Kupffer cells with evidence of erythrophagocytosis 
(Schubothe and Altmann, 1950). Sometimes small islands of 
erythropoiesis can be detected. Siderosis is often a striking feature, 
the iron-containing granules being present both in Kupffer cells 
and in liver-parenchyma cells. The intensity of siderosis depends 
to some extent on the number of times the patient has been trans- 
fused during life. 

Occasionally an acute hemolytic process is accompanied by 
signs of serious liver damage (Farrar, Burnett and Steigman, 1940); 
the patient may then become quite deeply jaundiced and have 
bile in the urine. In these patients a serious degree of liver-cell 
necrosis probably occurs. It should be added that the sequence of 
events leading to necrosis is not fully understood. One possible 
factor is autohemagglutination leading to circulatory stasis and 
consequent anoxia. 
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Kidneys. In fatal cases a variable degree of tubular damage may 
be seen. Usually there is a moderate amount of siderosis; this may 
be a very striking feature in patients in whom the plasma-hemo- 
globin concentration is constantly raised, even in the absence of 
overt hemoglobinuria. According to Leonardi and Ruol (1960), 
most of the hemosiderin is in the cells of the proximal convoluted 
tubules but where large amounts are present the second con- 
voluted tubules, loops of Henle and collecting tubules may be 
stuffed with granules also. In patients who have died with 
hemoglobinuria, hzeemoglobin-containing casts may be conspicuous 
in the collecting tubules. 

Lymph Nodes. These are not usually significantly enlarged, 
and their basic histological structure is normal. However, slight 
to moderate enlargement may occur and an unusual intensity of 
erythrophagocytosis by free phagocytic cells in the lymph sinuses 
may be observed. It is interesting to recall that this phenomenon 
was noted by Oettinger as far back as 1908. It should also be 
added that some degree of erythrophagocytosis in lymph nodes 
is a common phenomenon in many diseases, not necessarily involv- 
ing the hemopoietic system, and it also probably occurs in health 
(see Smith, 1958). Extramedullary hemopoiesis may occur in 
lymph nodes but this is unusual. Rappaport and Crosby (1957) 
mention two instances, and in a recent patient investigated by the 
present author extramedullary heemopoiesis appeared to be the 
pathological change responsible for lymph-node enlargement 
simulating reticulosarcoma. 

Other Organs. No specific changes are encountered. The usual 
effects of anzemia will be present, in addition to a variable degree 
of siderosis, the latter depending to a great extent on the history 
of the patient in respect to blood transfusion. 

Postoperative thrombosis of veins, particularly of the portal 
system, may be encountered in patients dying after splenectomy. 
One of the author’s patients (Case 18, Dacie (1954) ) died 9 years 
after splenectomy of pulmonary hypertension consequent on 
multiple embolization of pulmonary veins (see British Medical 
Journal (1960) ). 

Massive fat embolization was described by van Phan and David 
(1959) in a fatal case. The relationship (if any) between this rare 
event and hemolysis remains obscure. 

The histopathology of the organs in fatal cases of the cold- 
hemagglutinin disease does not differ in essentials from that of 
patients with fatal hemolytic anemia associated with warm anti- 
bodies. However, in the cold-antibody type, heavy siderosis of 
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the kidneys is the rule. Schubothe and Altmann (1950) gave a 
detailed description of a fatal case; erythrophagocytosis in Kupffer 
cells in the liver was a striking feature. Despite the production of 
very large amounts of cold-agglutinin protein, plasmacytosis is not 
a conspicuous feature in any organ. 


BLOOD TRANSFUSION STUDIES IN AUTO-IMMUNE 
HAMOLYTIC ANAEMIA 


Ashby’s Method of Differential Agslutination. The first 
accurate studies in erythrocyte survival after the transfusion of 
normal blood to cases of hemolytic anemia seem to have been 
carried out by Dacie and Mollison (19438) using the Ashby method. 
In this paper the point was made that the unimpaired survival of 
normal erythrocytes in patients suffering from hereditary sphero- 
cytosis was in strong contrast to that observed (by Mollison) in 
a series of patients with acquired hzemolytic anemia of varied type 
in which the destruction of normal corpuscles was rapid and usually 
complete within 20 days of the transfusion. In this latter series 
were five patients suffering from acquired hemolytic anzmia of 
the “idiopathic”’ type. 

Further studies using the Ashby method were soon undertaken 
and most interesting results were obtained. Brown and his 
colleagues (1944) studied two patients with acquired hemolytic 
anemia. ‘The average life-span of the normal erythrocytes after 
transfusion to these patients was calculated to be 7:8 and 13-1 
days, respectively. It was found that if the number of surviving 
normal corpuscles was plotted against time, the course of elimina- 
tion formed a curve, being at first rapid and then progressively 
less rapid, in contrast to the almost straight-line type of elimina- 
tion found in normal subjects (see Fig. 26, p. 54). It was suggested 
that the curved form of the graph of elimination indicated that an 
‘exponential’? heemolytic mechanism was at work, which resulted 
in the destruction of the erythrocytes indiscriminately, irrespective 
of their age. 


Mollison’s early observations, mentioned by Dacie and Mollison (1943), 
were later reported in full by Loutit and Mollison (1946) and Mollison 
(1947). In Loutit and Mollison’s paper eight examples of ‘‘idiopathic”’ 
auto-immune hemolytic anzemia were referred to: in seven of them the 
elimination of transfused corpuscles was very rapid; it was relatively 
slow, but still abnormal in one patient. In some of the patients the 
graph of elimination was curved and roughly exponential in form. In 
one patient the rate of elimination was much slower after splenectomy 
than before splenectomy. Blood was withdrawn from four patients 
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whose corpuscles gave positive direct antiglobulin (Coombs) tests and 
was transfused to normal recipients. Three of the patients who acted 
as donors were in clinical remission (two after splenectomy); the fourth 
patient had made a spontaneous and apparently complete recovery at 
the time the blood was withdrawn. The survival of the erythrocytes of 
two of the patients was less than expected 1 week after transfusion 
(84% and 79%, respectively); the subsequent rate of elimination, 
however, seemed to be strictly normal. The erythrocytes of the other 
two patients were eliminated at the normal rate throughout. 

Mollison (1947) described observations made on five cases of 
‘idiopathic’? auto-immune hemolytic anzemia. Once again, normal 
erythrocytes were shown to be rapidly destroyed after transfusion to 
the patients. In each case elimination of half the transfused cells took 
place in 6 days or less; in one patient 45° of the transfused blood was 
eliminated within the first 9 hours of transfusion. Other similar 
observations were reported by Mollison (1951). In a personally studied 
patient who died of a hyperacute hemolytic anzemia (Dacie, 1954, 
Case 12), Dr. Mollison found that normal corpuscles were destroyed 
almost as fast as they were transfused to the patient. Liidin (1948) also 
demonstrated the rapid elimination of normal erythrocytes from the 
circulation of a patient suffering from macrocytic hemolytic anzemia of 
the ‘‘Dyke-Young”’ type and the normal survival of this patient’s 
erythrocytes when transfused to a normal recipient. 

Selwyn and Hackett (1949) carried out some interesting experiments, 
also using the Ashby method. They found that not only was there a 
markedly increased rate of elimination of normal corpuscles transfused 
to three patients suffering from ‘‘idiopathic”’ auto-immune hemolytic 
anemia, but that the normal corpuscles become sensitized (as shown by 
their reaction with antiglobulin serum) in the recipients’ circulation 
before they were eliminated. They also carried out the reverse procedure 
of transfusing the blood of patients into normal recipients. In two 
experiments they found that the patients’ blood was eliminated at an 
increased rate for the first 10 to 15 days after transfusion; thereafter, 
elimination took place at the normal rate. The transfused cells remained 
sensitized until they were eliminated. It appeared, however, that 
antibody was also transferred from the patients’ to the recipients’ 
erythrocytes as the majority of the recipients’ corpuscles became 
sensitized after the transfusion as judged by their agglutination by 
antiglobulin serum. 

It seems likely that the relatively good or even normal survival of 
a patient’s erythrocytes in a normal recipient is due to elution of the 
antibody from the patient’s cells in vivo and transference to the 
recipient’s cells, as well as to the fact that the patient’s cells are no 
longer exposed to further sensitization when circulating in a normal 
environment. 

Owren (1949) similarly studied the survival of the sensitized erythro- 
cytes of a patient suffering from auto-immune acquired hemolytic 
anzemia when transfused to a normal recipient, as well as that of normal 
erythrocytes transfused to the patient. The normal erythrocytes were 
quickly destroyed, half being eliminated in 6—7 days. As in Selwyn and 
Hackett’s experiments, the elimination of the patient’s cells took place 
in two phases: first, a rapid fall within 3 days to about 35° of the 
immediate post-transfusion count, and then a much slower elimination, 
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which was still incomplete 80 days after the transfusion. Owren found 
that the transfused (patient’s) cells gave positive antiglobulin tests 
during the first 3 days after transfusion at the time when the corpuscles 
were being rapidly eliminated. 


The early studies referred to above clearly demonstrated that 
normal erythrocytes are destroyed unusually rapidly after trans- 
fusion to patients suffering from auto-immune hemolytic anemia. 
Unfortunately, however, they gave only a very rough idea of the 
rapidity with which the patient’s cells were being destroyed in his 
own circulation. The radioactive-chromium technique (see below) 
fortunately has proved capable of answering this question. 

Use of Radioactive Chromium (*!Cr). As discussed on p. 60, 
measurements by the radioactive-chromium technique have 
largely superseded the Ashby differential-agglutination method in 
erythrocyte survival studies. The early pioneer studies carried out 
by the Ashby method, as described in the foregoing paragraphs, 
were incapable of giving information on the probable survival of 
the patient’s erythrocytes in his own circulation. In particular, in 
auto-immune hemolytic anzmia, the survival of a patient’s 
erythrocytes in a normal recipient is no measure at all of their 
survival in the patient himself. Nor can it be assumed that the 
survival of normal erythrocytes in a patient’s circulation neces- 
sarily gives a good indication of the life-span of the patient’s own 
cells. There is evidence in fact that normal cells often survive less 
well than the patient’s own cells, or, under certain unusual 
circumstances, very much better. 

Hagen and his colleagues (1954) studied three patients suffering 
from acquired hemolytic anzemia; in each case the survival of the 
patient’s own erythrocytes was better than that of normal 
corpuscles. Mollison (1956, p. 161) described a similar observation ; 
for the first 5 days after transfusion the normal corpuscles were 
eliminated more rapidly than those of the patient; subsequently, 
the rates of elimination were the same. Mollison concluded that it 
was possible that in the normal cell population there was a higher 
proportion of more easily destroyed cells than in the patient’s cell 
population. Mollison (1959) also suggested that the early and 
unexplained loss of chromium from normal cells may not occur 
when patient’s cells are labelled. This, too, then might be a factor 
in causing the survival of the normal cells to appear less good than 
that of a patient’s cells. 

The reverse situation where normal erythrocytes survive better 
than the patient’s cells is theoretically possible in cases of auto- 
immune hemolytic anemia in which the auto-antibodies have a 
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definite specificity (see p. 446). Reports in which this has been 
shown to be so include those of Hollander (1954), Crowley and 
Bouroncle (1956), Wiener, Gordon and Russow (1957), Ley, Mayer 
and Harris (1958), Mollison (1959) and Hégman, Killander and 
Sjolin (1960). 


In Hollander’s patient, the auto-antibodies had anti-D specificity ; 
while cde/cde blood survived for at least 31 days, CDe/cde blood survived 
for only 3 days. In Crowley and Bouroncle’s patient, two auto-anti- 
bodies, anti-D and anti-E, were present, and cde/cde cells survived 
normally. In the patient of Wiener, Gordon and Russow the auto- 
antibody reacted to highest titres with cells containing the rh’ (C) 
factor; when transfused with blood lacking this factor, the patient made 
a complete and lasting recovery. Previously she had been treated with 
randomly selected Rh-positive donors and had failed to improve. Ley, 
Mayer and Harris’s patient was group O cde/cde. cDE/cDE erythrocytes 
were demonstrated to survive normally (°!Cr T; =25 days), but normal 
cde/cde cells survived even less well than the patient’s own cells 
(!Cr T; 5 days and 13-14 days, respectively). 

Mollison’s (1959) case, studied in collaboration with the present 
author, was a man of Rh genotype cde/cde, whose auto-antibody had 
the specificity anti-e. Transfused e-negative cells, followed by the 
Ashby differential agglutination method, survived almost normally 
while the patient’s e-positive cells, labelled with *'Cr and studied 
simultaneously, were rapidly eliminated (see Case 8). 

Hodgman, Killander and Sjoélin’s case was a child aged 138 years, of 
genotype CDe/CDe, who had formed auto-anti-e as well as an apparent 
‘‘non-specific’> component. The latter component did not appear to be 
of much importance as cDE/cDE cells survived normally. 


Recently, radio-chromium erythrocyte survival studies have 
been combined with the surface counting of radioactivity over the 
spleen and the liver. This technique can be used to help in assessing 
the sites of blood destruction and the probable benefit of splenec- 
tomy—an assessment which had previously not been possible. 
This important topic is described in more detail in Chapter 12, 
p. 668, when the treatment of auto-immune hemolytic anemia is 
discussed. 


PROGNOSIS IN “IDIOPATHIC” AUTO-IMMUNE 
HAMOLYTIC ANAMIA 


This subject is also dealt with in Chapter 12 (p. 689), as prognosis 
cannot be discussed without reference to the effects of treatment. 
A few points can, however, be made at this stage. The outlook is 
unpredictable but potentially serious; although some patients 
recover quickly and completely this is by no means always the 
case and the mortality remains high despite the widespread use of 
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adrenocorticosteroids. Twenty-three out of 50 of the author’s 
patients, forming the warm type of antibody, about whom 
adequate information is available have died, a mortality of 46%. 
The outlook for patients forming cold antibodies is better than 
this; they are unlikely to recover but they can often live many 
years with their disease. 

In the following case reports three patients are described. Each 
presented unusual features of great interest. 


Case Report: Fatal “‘Idiopathic” Auto-Immune Hemolytic Anemia 
(Warm-Antibody Type) and Thrombocytopenic Purpura 


Case 4. The patient, J. H., was a woman aged 41. She was admitted 
into Hammersmith Hospital in March, 1959, complaining of tiredness 
extending over the last 6 months. Her last three menstrual periods had 
been heavy and prolonged, and 3 months before admission she had 
developed widespread purpura and hematuria. She had been transfused 
several times in another hospital. 

Physical Examination. On examination she was found to be very ill 
and she vomited occasionally; she was pale and there were widespread 
ecchymoses. The spleen was palpable 1 cm. below the left costal margin. 
There was no evidence of lymph-node enlargement or any other note- 
worthy physical signs. 

Laboratory Findings. On admission, the blood after withdrawal was 
found to undergo fine spontaneous auto-agglutination and an erythro- 
cyte count was impractical; the hemoglobin was 4-1 g. per 100 ml.; 
reticulocytes, 48 per cent; total leucocytes, 14,000 per cu. mm.; 
nucleated erythrocytes, 2,000 per cu. mm.; platelet count, 4,000 per 
cu.mm. Blood films showed auto-agglutination, and a slight degree of 
spherocytosis and polychromasia (Fig. 139); small numbers of myelo- 
cytes, metamyelocytes and normoblasts were to be seen. The osmotic 
fragility curve was outside the normal range: 53% lysis in 0:45% NaCl, 
' with lysis beginning in 0-69 NaCl. 

Serology. The erythrocytes were auto-agglutinated and the auto- 
agglutination could not be broken up by repeated washing in saline at 
387° C. or even at 50° C. The direct antiglobulin test was positive but 
the reaction was of the non-y type. No agglutination was obtained with 
an anti-y serum. Cold agglutinins were present to a titre of 32 at 
2° C. The patient’s serum, if undiluted, agglutinated normal cells at 
37° C. and probably caused traces of hemolysis also, particularly if it 
was acidified to pH 6-5—-7-0. The indirect antiglobulin reaction was 
clearly positive, the intensity of the reaction being parallel to the degree 
of hemolysis; the reaction was of the non-y type. Trypsinized and 
PNH cells were hemolysed at 37° C. by the patient’s serum to titres of 
32 and 16, respectively; little or no lysis occurred at 20° C. 

It was concluded that the patient’s serum contained an auto- 
agglutinin capable of heemolysing normal cells in vitro, albeit but weakly. 
Using the trypsinized-cell technique the serum was shown to haemolyse 
a panel of cells of different genotypes. No specificity could be 
established. 
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Course and Treatment. The patient was treated with prednisolone, 
60 mg. daily, and ACTH. gel, 40 units daily, and she was transfused 
with packed cells. However, she developed signs of subarachnoid 
hemorrhage 3 days after admission and died. 

Summary. A case of combined auto-immune hemolytic anemia and 
thrombocytopenic purpura associated with the formation of a potenti- 
ally hemolytic warm auto-agglutinin. Death from subarachnoid 
hszemorrhage. 


Case Report: “‘Idiopathic”’ Auto-Immune Hemolytic Anemia of the 
Warm-Antibody Type, Complicated by Folic-Acid Deficiency 1 


Case 5. The patient, G. J., was aged 70 years when admitted into 
Hammersmith Hospital in-January 1958. For the past year she had 
complained of increasing malaise and tiredness and had become 
increasingly breathless on exertion. 

Physical Examination. She was found to be an anemic frail elderly 
woman. ‘The mucous membranes were pale and the sclere slightly 
jaundiced. The liver was not enlarged but the spleen was palpable 
5 cm. below the left costal margin. No other relevant abnormalities 
were detected. 

Laboratory Findings. Her whole blood underwent visible slight auto- 
agglutination after withdrawal and this did not disperse at 37° C. 
Clumps of cells persisted at a 1 to 200 dilution in formol-citrate diluent, 
but a smooth suspension was obtained in saline. The haemoglobin was 
6:8 g. per 100 ml., with 15-5% reticulocytes; leucocytes, 6,000 per cu. 
mm. and platelets, 310,000 per cu. mm. A stained film showed a 
tendency to auto-agglutination, many small clumps of 2—4 cells being 
present. Many of the erythrocytes were slightly to moderately elliptic 
in shape and there was also a moderate degree of spherocytosis (Fig. 
140). The elliptocytosis was at this time presumed to be acquired; the 
patient’s two sons had in fact normal blood pictures. The bone marrow 
showed definite evidence of a megaloblastic change. The serum B,, 
concentration was normal but an intravenously-administered dose of 
folic acid was cleared extremely rapidly. 

Serology. The patient’s cells underwent agglutination at 37° C. in her 
own undiluted serum, particularly when fortified with an equal volume 
of 80% bovine albumin, and to a lesser extent in normal serum. The 
direct antiglobulin test was weakly positive: the reaction was of the 
non-y type and no agglutination occurred in an anti-y serum. Her 
serum contained an antibody at high titre which agglutinated normal 
cells suspended in albumin (titre, 64 at 37° C.) and trypsinized cells to 
a titre of 1,024. A striking prozone developed using the trypsinized-cell 
technique. The patient’s own cells were agglutinated to the same titre 
as were normal cells. The indirect antiglobulin test was negative at 
37° C. A panel of cells of different genotype were all strongly aggluti- 
nated, when trypsinized, by the patient’s serum. No specificity could, 
therefore, be demonstrated. 


1 An account of this case has been published by Chanarin, Dacie and Mollin 
(1959). This dealt mainly with the folic-acid deficiency (see also Fig. 17, 
p. 82). 


Fic. 139. Photomicrograph of a blood film of a patient suffering 
from “idiopathic” auto-immune hemolytic anemia of the 
warm-antibody type combined with thrombocytopenic purpura 
(Case 4). There is slight spherocytosis and auto-agglutination. 
Note the absence of platelets. x 700. 


Fic. 140. Photomicrograph of a blood film of a patient suffering from 
“idiopathic” auto-immune hemolytic anzemia of the warm- 
antibody type, complicated by folic-acid deficiency (Case 2 of 
Chanarin, Dacie and Mollin, 1959) (Case 5). There is some 
microspherocytosis but also macrocytosis,  elliptocytosis, 
poikilocytosis, and a minor degree of auto-agglutination. x 700. 


To face p. 390. 


Fic. 141. Photomicrograph of a blood film of a patient suffering from. 
“idiopathic”? auto-immune hemolytic anemia of the warm- 
antibody type and massive splenomegaly (*‘hypersplenism”’) 
(Case 6). There is slight microspherocytosis and auto-agglutina- 
tion. The cell in the centre of the field has a small thin projec- 


tion from its surface. x 700. 


—— 


Fig. 142. Photomicrograph of a blood film of a patient suffering from 
“idiopathic” auto-immune hemolytic anzmia of the warm- 
antibody type (Case 8). The auto-antibody had anti-e speci- 
ficity. There is moderately severe spherocytosis and definite 


auto-ageglutination. x 700. 
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On the basis of the above findings it was concluded that the patient 
was forming a weak auto-agglutinin, active at 37° C., and also a much 
more powerful incomplete auto-antibody readily demonstrable by means 
of trypsinized cells and in albumin, but not capable of sensitizing 
normal cells to agglutination by antiglobulin serum. Other examples of 
this type of antibody are referred to on p. 426. 

Course and Treatment. She was treated with ACTH, at first 100 units 
daily, and then with 100 mg. of cortisone daily, and she was also given 
folic acid. She responded well to this treatment and has been main- 
tained in fairly good health on small doses of prednisone subsequently. 
The initial response to treatment is shown in Fig. 143. 
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Fic. 148. Response of Case 5 to treatment with steroids and folic 
acid. (From Chanarin, Dacie and Mollin, 1959.) 


The antibody which agglutinated trypsinized cells disappeared after 
3 months of treatment and the direct antiglobulin reaction became 
almost negative. When re-examined in December 1960 her hemoglobin 
was found to be normal (14-0 g. per 100 ml.) and the reticulocyte count 
2-2 per cent. The antiglobulin test was, however, still weakly positive 
(+). The peripheral blood film still showed elliptocytosis and this is 
now presumed to be congenital in origin. 

Summary. An elderly woman suffered from auto-immune hemolytic 
anemia of unknown origin, complicated by folic-acid deficiency. A weak 
warm auto-agglutinin was formed as well as a high-titre incomplete 
antibody which agglutinated trypsinized cells but did not sensitize 
normal cells to agglutination by antiglobulin serum. The patient 
underwent a good clinical remission when treated with steroids and folic 
acid. 
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Case Report: “Idiopathic’’ Auto-Immune Hemolytic Anemia 
in an Elderly Woman; ‘“Hypersplenism” 


Case 6. The patient, a woman aged 61 years, was admitted into 
Hammersmith Hospital in April 1954 for investigation of her heemolytic 
anemia. In 1953 she had suffered from biliary colic and cholecystectomy 
was performed. 

Physical Examination. She was found to be pale and slightly 
jaundiced and appeared to have lost weight. Her liver was thought to 
be slightly enlarged; the spleen was very large and extended to well 
below the umbilicus. Lymph nodes were not palpably enlarged and 
there were no other significant physical signs. 
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Fic. 144. Response of Case 6 to treatment by splenectomy. 


Laboratory Investigation. On admission, the hemoglobin was found 
to range between 6-1 and 7-7 g. per 100 ml.; the erythrocyte count was 
2,100,000 per cu. mm.; total leucocytes, 1,100—2,100 per cu. mm. (10 
counts), with 50-63°% neutrophils; platelets 100,000—140,000 per cu. 
mm. (8 counts); reticulocytes, 9%; serum bilirubin, 1-2—4-4 mg. per 
100 ml. Erythrocyte osmotic fragility was slightly increased; lysis 
commenced at 0:5259 NaCl and the MCF was 0-47. Stained blood 
films showed moderate anisocytosis, slight spherocytosis, and auto- 
agglutination, occasional pear-shaped poikilocytes and a few cells with 
small sharp projections (see Fig. 141), and moderate polychromasia. 
Bone-marrow aspiration showed increased cellularity with a marked 
predominance of erythropoiesis. Granulopoiesis was active also with 
cell types up to the metamyelocyte stage well represented, but mature 
segmented neutrophils were almost absent. 
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Serology. The antiglobulin test was positive and the reaction appeared 
to be of the non-y type. Cold agglutinins were present only to a titre 
of 8 at 2° C. The indirect antiglobulin test was negative but trypsinized 
cells revealed the presence of a low-titre antibody active at 37° C. which 
was not identified. 

Further Progress and Treatment (Fig. 144). Splenectomy was carried 
out on May 12th, 1954. This was followed by a rise in leucocyte count to 
20,000 per cu. mm. the day after operation. Convalescence was com- 
plicated by a subphrenic abscess but this was successfully dealt with by 
antibiotics and drainage. The leucocyte count was sustained within the 
range 5,000-10,000 per cu. mm. for 6 months following the operation 
but in November 1954 a count of 3,500 per cu. mm. was recorded. The 
hemoglobin had by then reached 12-7 g. per 100 ml., with 2-:2% 
reticulocytes; the serum bilirubin was 0-5 mg. per 100 ml. When last 
seen on January 138th, 1955, 8 months after splenectomy, the hzemo- 
globin was 11-4 g. per 100 ml., reticulocytes 5-2%, total leucocytes 
7,000 per cu. mm. and platelets 510,000 per cu. mm. The antiglobulin 
test was still positive. 

The spleen weighed 1,475 g. and its pulp was red and congested. 
The Malpighian bodies were unduly prominent and easily visible to the 
naked eye and in places appeared to coalesce. Sections of the spleen 
showed that the normal architecture was preserved. The sinuses were 
largely empty of blood but the Billroth cords were engorged and the 
littoral cells were hyperplastic. The Malpighian corpuscles were en- 
larged but were normal in structure. There was some siderosis, but 
erythropoiesis was not conspicuous. The conclusion was that the spleen 
had undergone simple hyperplasia. 

Lymph nodes removed with the spleen had a normal architecture but 
there was evidence of much erythrophagocytosis and siderosis. 

Summary. A case of “idiopathic” auto-immune hemolytic anzemia 
of the warm-antibody type associated with leucopenia and massive 
splenomegaly. Improvement followed splenectomy. 
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CHAPTER 8 


THE AUTO-IMMUNE HAMOLYTIC ANAMIAS 


II. “IDIOPATHIC” TYPE: SEROLOGY 


As referred to in the introduction to the preceding chapter, the 
first observations which suggested that hemolytic anszemia might 
be caused by the formation of auto-antibodies were made in France 
in the first decade of the present century. However, it is only 
within the last fifteen years or so that real progress has been made 
and the abnormal antibodies have been studied in detail. A com- 
plete review of all the recent published work is out of the question. 
However, an attempt will be made to refer to those publications 
which seem to have contributed most to knowledge. 

Before, however, commencing a systematic account of the 
serological findings in acquired hemolytic anemia, the use of the 
term “‘auto-antibody”’ needs some justification, because the whole 
idea of auto-antibody formation cuts across the classical concept 
of a substance being antigenic only if it is “foreign”? to the in- 
dividual producing the antibody. This subject will be considered 
in some detail in Chapter 11, when the etiology and pathogenesis 
of acquired hemolytic anzmia are considered. Briefly, however, 
it can be said that to the present author, at least, the formation 
of auto-antibodies active against erythrocytes seems to be by far 
the most likely explanation of the serological phenomena demon- 
strable in acquired hemolytic anemia. The evidence in favour of 
this concept can be summarized as follows: 

(1) There are many similarities between the behaviour in vitro 
of the abnormal auto-antibodies of acquired hemolytic anemia 
and the better known and more easily investigated blood-group 
iso-antibodies. This applies to both the warm and cold kinds. 
(2) Both varieties of antibody, the auto- and the iso-, appear to 
bring about hzemolysis in vivo in much the same way. (3) The 
auto- and iso- types of antibody have similar physical and chemical 
properties; warm incomplete antibodies are small molecular weight 
7S y globulins and agglutinating antibodies are probably always 
high molecular weight 19S globulins, usually migrating on electro- 
phoresis as relatively fast y, globulin. Finally, study of the 
specificity of the antibodies towards different types of human 
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erythrocytes has shown that the auto-antibodies may have definite 
blood-group specificity, 7.e., they may in fact be indistinguishable 
from blood-group iso-antibodies. 

In view of the above evidence the term antibody will be used 
without quotation marks in the discussions which follow. 


Significance of Antiglobulin Reaction 


The occasional occurrence of, and some of the possible causes 
for, positive antiglobulin tests in patients suffering from a wide 
variety of illnesses other than overt hemolytic anemia, or even 
in healthy subjects, have already been referred to in Part I of this 
book (p. 48) (see also Revol et al., 1958). In some of these subjects 
the erythrocyte life-span may be shortened but in others this is 
definitely not so, e.g., in the clinically normal subjects investigated 
by Mollison (1956) and Darnborough (1958). Caution in interpret- 
ing a positive test as indicating hemolysis of auto-immune type 
is thus necessary. The truth is, of course, that a positive test 
merely indicates that globulin can be detected at the surface of 
the erythrocyte. 

Leaving aside artificial in-vitro sensitization such as that due to 
activating cold antibodies by chilling, positive tests can be con- 
ceived as being brought about in three ways: (1) by the adsorption 
of antibody globulin as the result of specific antigen-antibody 
reaction, with or without the adsorption of complement in addition 
(as in auto-immune acquired hemolytic anemia); (2) by the adsorp- 
tion of normal or pathological non-antibody globulin in consequence 
of damage or modification of the erythrocyte surface brought about 
by drug, “‘toxin”’ or virus, etc., and (3) by the abnormal exposure 
on the surface of the cell of normal erythrocyte protein (see 
Muirhead and Groves, 1956). These possibilities have to be borne in 
mind whenever the direct antiglobulin test is positive. It also has to 
be realized that not infrequently cases of acquired hemolytic anzemia 
occur in which direct antiglobulin tests, and all other tests for auto- 
antibody formation, are negative. Such cases form an interesting, 
baffling and probably heterogeneous group. They are considered 
in Chapter 15. 


The Main Types of Auto-Antibody 


The auto-antibodies may be divided on the basis of their 
laboratory behaviour into two main groups: ‘‘warm”’ antibodies 
and ‘“‘cold”’ antibodies. Their characters are as follows: 

Warm antibodies act in vitro almost invariably as incomplete 
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antibodies; they sensitize erythrocytes to agglutination by anti- 
globulin serum and/or agglutinate enzyme-treated cells. Occasion- 
ally, the antibodies act as, or are accompanied by, in-saline- 
agelutinating antibodies. They are maximally active at about 
37° C. They rarely, if ever, lyse normal cells at 37° C. and seldom 
lyse enzyme-treated cells. 

Cold antibodies are markedly potentiated in activity by fall in 
temperature; usually they are only slightly active or completely 
inactive at 837° C. They are typically powerful agglutinins and they 
almost invariably lyse enzyme-treated cells and paroxysmal 
nocturnal hemoglobinuria (PNH) erythrocytes. The antibodies 
which are lytic also sensitize cells to agglutination by antiglobulin 
serum. This type of antiglobulin reaction is thought to be due to 
the cell’s adsorption of a serum complement-antibody complex. 

Not all the antibodies encountered fit conveniently into the two 
categories referred to above, and it is a remarkable fact how 
“individual”? the serological findings often are in any particular 
ease. Nevertheless, the distinction between warm and cold auto- 
antibodies is valuable and can usually be clearly made. It has been 
the basis of many extensive reports and reviews, including those 
of Dameshek (1951), Dacie and de Gruchy (1951), Bouroncle, 
Dodd and Wright (1951), Young, Miller and Christian (1951) 
Wiener and co-workers (1952), Baumgartner (1952), Dacie (1953a, 
1954a, b, 1955a), Hubinont and Massart-Guiot (1955), Evans (1955), 
Evans and Weiser (1957), Hollander (1957), Hennemann (1957), 
Pisciotta and Hinz (1957), van Loghem, van der Hart and Dorfmeier 
(1958), Schubothe (1958, 1959), Dausset and Colombani (1958, 1959) 
and Dacie (1960). 

The Significance of the Effect of Temperature on Antibody 
Activity. It is a widely held view that amongst the iso-antibodies 
the warm type (e.g., anti-Rh) are “immune” and the cold type 
(e.g., anti-P and anti-Le*) are naturally-occurring, and that anti-A 
and anti-B may exist in both forms. In animals, too, the same 
distinction seems to hold: in rabbits repeatedly inoculated with 
sheep or horse erythrocytes the thermal optimum for the agglu- 
tinins they produce rises as immunity develops and eventually 
passes 37° C. (Millet and Hubinont, 1946). When the erythrocyte 
auto-antibodies of man are considered the same distinction can be 
made: as might be expected, warm auto-antibodies are very often 
pathological and harmful but fortunately relatively infrequent, 
while cold auto-antibodies in low concentration are present in 
almost all sera and are harmless. Nevertheless, in man at least, 
cold antibodies develop in the course of what appears to be an 
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immune response to infection (e.g., after virus pneumonia). Even 
so, it is the rise in their thermal range toward body temperature 
which is the cause of their pathogenicity. Weiner (1958) referred 
to the warm auto-antibody type of acquired hzemolytic anzemia as 
‘““hyperimmune”’ and the cold type as “simple.” 

The mechanism of the effect of temperature is obscure; it is 
possible to conceive that the antibodies consist either of a mixture 
of molecules with different capacities for being adsorbed according 
to temperature or of a single type of molecule with groupings the 
activity of which is modified by temperature. Filliti-Wurmser and 
Jacquot-Armand (1947) believed the latter hypothesis to be correct. 
Wiener (1951) suggested that cold antibodies were normally 
heterogenetic in origin and that in consequence the antibodies 
were less perfectly adapted to human antigens; he concluded that 
such imperfect antigen-antibody complexes might well dissociate 
as the temperature was raised. 

All authors agree that the warm-antibody type of acquired 
hemolytic anemia is the more frequent. The largest available 
series of cases are those of van Loghem, van der Hart and Dorf- 
meier (1958), Dausset and Colombani (1959) and the present 
author. Taking ‘“idiopathic”’ and secondary cases together, van 
Loghem and his colleagues reported 122 warm cases, 43 cold and 
three doubtful, Dausset and Colombani 106 warm cases and 22 
cold, and Dacie (1960) 106 warm cases and 34 cold. The author’s 
latest statistical data are set out in Table 13, p. 342. 


SEROLOGY OF AUTO-IMMUNE HAMOLYTIC 
ANAEMIA OF THE WARM-ANTIBODY TYPE 


As already indicated (p. 344), serological observations on 
hemolytic anemia in man date from the first decade of the present 
century, the pioneer observations of Widal, Abami and Brulé 
(1908a, b) and Chauffard and Vincent (1909) being particularly 
noteworthy. In these publications were described two of the three 
basic phenomena which may be observed if blood from patients 
with auto-immune hemolytic anzmia is studied in vitro, namely, 
autohemagglutination and autohemolysis. It was not until nearly 
40 years had passed that the third important phenomenon, the 
agelutinability of patients’ erythrocytes by antiglobulin sera, was 
discovered (Boorman, Dodd and Loutit, 1946). The following 
sections are concerned with the development of knowledge con- 
cerning each of these phenomena. 
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Autohemagéglutination and Warm Aégéslutinins 


The early literature on acquired hemolytic anemia in which 
reference was made to autohzemagglutination was reviewed by 
Dameshek and Schwartz (1940). Unfortunately, most of the cases 
referred to were incompletely investigated and were probably 
examples of auto-agglutination due to cold auto-antibodies or of 
spontaneous auto-agglutination in undiluted plasma or serum of 
erythrocytes which had adsorbed incomplete antibodies. True 
auto-agglutinins, with activity persisting in saline dilutions of 
serum as in the case of Rh agglutinins, appear to be rarely met 
with. A few reports, however, may be quoted. 


Wiener (1942) referred to a child aged 16 months who was suffering 
from hemolytic anemia and staphylococcal sepsis. The child’s own 
erythrocytes were auto-agglutinated and the serum agglutinated cells 
of all types at 37° C. to a titre of 64. 

Lubinski and Goldbloom (1946) described an auto-antibody in the 
serum of a child aged 114 years, of blood group A, who died of acute 
hemolytic anemia. This antibody agglutinated the child’s own erythro- 
cytes and also normal group-A and group-O cells to a titre of 4 in saline 
dilution at 0° C., room temperature and 37° C. Kuhns and Wagley 
(1949) described the presence of two distinct antibodies in the serum of 
a patient, also acutely ill. One antibody was a cold antibody with a 
titre at 2° C. of 2,048, but not active at 37° C., the other was a warm 
antibody which agglutinated to a titre of 64 the patient’s own erythro- 
cytes and 63% of a panel of normal erythrocytes apparently irrespective 
of their blood groups as far as was known at the time. The auto-antibody 
of Wiener, Gordon and Gallop (1958) and that of Case 12 of Dacie 
(1954a) were also in-saline agglutinins. 

Evans (1955) observed one instance of a bivalent antibody (in-saline 
agglutinin) active at 37° C. out of 34 patients studied and van Loghem, 
van der Hart and Dorfmeier (1958) reported finding five warm agglu- 
tinins when testing the serum of 122 patients forming warm anti- 
bodies. Pisciotta and Hinz (1957) found in-saline acting agglutinins in 
the serum of three out of 33 patients studied, but in significant amounts 
in only one patient, and more recently, Pisciotta, Downer and Hinz 
(1959) reported finding during the course of detailed studies carried out 
on a severely affected patient that the patient’s serum diluted in saline 
agglutinated autologous as well as normal erythrocytes to a maximum 
titre of 8 at 37° C. This antibody had hemolytic potency as well. The 
present author’s latest data are summarized on p. 433. 


Autohemolysis and Warm Hemolysins 


Reports of hzmolysins in the sera of patients with acquired 
hemolytic anzemia have always excited interest. Such reports are 
rare, however, and some have been the cause of controversy. 
Unfortunately, nearly all the reports (both early and recent) are 
incomplete and deficient in detail. It has to be added, too, that 
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the mere demonstration of rapid autohemolysis in vitro is no proof 
that the lysis is brought about by complement and antibody. 
Rapid autohemolysis may be due, for instance, to the rapid lysis 
of spherocytes. This was so to an extreme degree in Case 12 of 
Dacie (1954a). A distinguishing feature is that the lysis of sphero- 
cytes will take place even if complement is inactivated, as for 
instance when anticoagulants such as heparin are added to the 
blood. Nor can the presence of a warm hemolysin, as opposed to 
the cold variety of much more frequent occurrence, be considered 
to be proved unless the tests 7n vitro have been carried out with 
sera and erythrocyte suspensions which have been carefully 
warmed to 37° C. before mixing, a point of technique which has 
seldom been mentioned. However, it can hardly be doubted that 
warm hemolysins do exist. 

The early literature was well reviewed by Dameshek and 
Schwartz (1940) and more recently by Dausset (1952a). The 
pioneer observations of Chauffard and Troisier (1908) and Chauf- 
fard and Vincent (1909) have already been referred to. The latter 
paper is the more convincing. The patient was acutely ill, and had 
hemoglobinuria. During the acute phase of his illness an autolysin 
and isolysin were demonstrated in his serum. The lysin was most 
active at 37° C., and it was no longer found in the patient’s serum 
on his recovery. 

Dausset (1952a) listed 11 additional reports dealing with 
hemolysins and hemolytic anemia which were published in 
France within a few years of Chauffard’s papers. None of the 
later descriptions appears, however, to be as convincing as that 
of Chauffard and Vincent, and nothing decisively new was dis- 
covered. It was not in fact until 1938 that the role of hzeemolysins 
in acute hemolytic anemia with hemoglobinuria was re-empha- 
sized by Dameshek and Schwartz. Their report dealt with three 
patients: in the first patient isohemolysis but not autohemolysis 
was demonstrated ; in the second only autohzmolysis; the antibody 
of the third patient, however, lysed the patient’s erythrocytes in 
vitro aS well as normal cells. Like Chauffard, Dameshek and 
Schwartz showed that the antibodies were thermostable and 
needed complement for lysis, although they would fix antibody in 
the absence of thermolabile components of complement. Dameshek 
and Schwartz also reported that the lysins they studied were active 
both at 18° C. and at 37° C. and were inactivated by the addition 
of normal human serum. Another example of an abnormal lysin 
was reported by Farrar, Burnet and Steigman (1940). The activity 
of this lysin, too, was said to be inhibited by normal serum. 
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Effect of pH. In 1944, David and Minot described the presence 
of an abnormal hemolysin in the serum of an infant acutely ill 
with hemolytic anzemia. Normal erythrocytes, as well as those of 
the patient, were lysed in vitro, and it was noted that the amount 
of lysis was increased by the addition to the serum of a one- 
twentieth volume of 0-33N-hydrochloric acid. 

Dacie (1949) described in detail the presence of a hemolysin in 
the serum of a girl acutely ill with an acquired hemolytic anemia 
and showed that the lysin’s activity was markedly influenced by 
pH; it was barely active in unacidified serum, but strongly active 
at pH 6-8 to 7-0. Further details of this antibody are given on 
p. 4389. Gardner and Harris (1950) also recorded briefly the 
demonstration in three patients of hemolysins active at an acid 
pH. 

Dacie and de Gruchy (1951) reported six additional examples of 
hemolysins apparently of the warm variety which they detected 
in the sera of patients suffering from “idiopathic”? acquired 
hemolytic anzmia. These lysins, however, did not convincingly 
cause the lysis of normal erythrocytes even at an acid pH; but 
normal cells when trypsinized or paroxysmal nocturnal hemo- 
globinuria (PNH) erythrocytes were lysed to quite high titres in 
five out of the six cases. Subtle differences between the lytic factors 
in the sera of different patients were noted, for the lytic titres using 
trypsinized or PNH cells did not necessarily run parallel. 


Subsequent case reports in which the presence of a warm hemolysin 
has been mentioned include those of Tomek, Strasser and Speiser 
(1950), Dausset (1952a), van Loghem and co-workers (1952), Braun- 
steiner, Mannheimer and Reimer (19538) (an ‘“‘acid-lysin’”’ in a patient 
with chronic lymphocytic leukzemia and hemolytic anemia), Rosenthal, 
Komninos and Dameshek (1953), Verger and co-workers (1954), Heni 
and Blessing (1954b), Chevalier and co-workers (1954), Baumgartner 
(1956), Martoni and Musiani (1956), and Verger and Moulinier (1957). 
The experience of workers who have relatively large series of patients 
gives a good idea of the rarity of this type of antibody (see below). 

Pisciotta and Hinz (1957) found evidence for warm hzemolysins in 
three out of 26 patients investigated. However, lysis was repeatedly 
demonstrated in one case only: in the second, it occurred only when the 
patient’s erythrocytes, after trypsinization, were exposed to fresh normal 
serum and in the third patient it was demonstrated only in a 
terminal crisis. Pisciotta, Downer and Hinz (1959) reported a further 
example in a negro adult patient suffering from severe hemolytic 
disease. This patient’s erythrocytes also underwent lysis in fresh normal 
serum complement and her serum lysed normal cells, if trypsinized, at 
37° C. to a titre of 32. 

Evans and Weiser (1957) were able to demonstrate a “‘typical”” warm 
hemolysin in only one of 41 patients investigated. This patient died 
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of her disease, and her serum lysed normal group-O or -A cells in vitro. 
_A further patient was described whose serum contained a ‘‘unique”’ 
lytic factor. Autohzmolysis of the patient’s blood on incubation 
occurred apparently only in the presence of anticoagulants and was 
demonstrable even if anticoagulants were added to heat-inactivated 
plasma or serum. The lysis was thought to be due to the presence of a 
heat-stable factor activated by the removal of Mg?+ or Ca?+ ions. The 
patient was treated with ACTH and cortisone and the strange lytic 
activity diappeared. 

Letman (1957) reported on a study of 18 patients. Heemolysins were 
sought for by the trypsinized cell technique particularly and were 
demonstrated in five patients. In one case the antibody was also capable 
of lysing normal (untrypsinized) cells at 37° C. if the serum was acidified. 
The erythrocytes of another patient underwent lysis, when trypsinized, 
in fresh normal human serum. Letman made the point that the lytic 
antibodies demonstrated in his cases all had the property, too, of 
agglutinating trypsinized cells. 


Dausset and his collaborators have published several further 
papers on warm heemolysins since Dausset’s (1952a) excellent 
review. In a paper dealing mainly with technique, Dausset, 
Colombani and Evelin (1957) emphasized that warm hemolysins 
occurred relatively frequently in acute or fulminating hemolytic 
anzemia in children, that the heemolysins were often demonstrable 
for a few days only, at the height of the child’s illness, and that the 
patient’s serum was likely to be deficient in complement or even 
to be anticomplementary—this latter point has an obvious bearing 
on how lytic activity should be looked for. Dausset and _ his 
colleagues concluded that the optimum pH _ requirements for 
hzemolysins were variable but that slight acidification of the serum 
was a useful laboratory artifice. Dausset, Colombani, Jean, 
Canlorbe and Lelong (1957) described a case in which an ‘“‘acid- 
hemolysin” of the sort described in the review quoted above was 
clearly demonstrated. This patient’s serum was in fact anti- 
complementary. 

Dausset in his most recent review (Dausset and Colombani, 
1959) has summarized his experience. Warm hemolysins were 
demonstrated in four out of a total of 83 “idiopathic” cases. 
Three of the patients were infants suffering from acute hemolytic 
anemia with hemoglobinuria. Recovery took place within a few 
weeks aided by transfusion and steroids. In each case autologous 
and normal (untrypsinized) erythrocytes underwent lysis at 37° C. 
and acidification of serum was unnecessary. In two cases the 
serum was depleted of complement; in one, the serum was anti- 
complementary. The fourth patient was an adult who died in 
uremia. 
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van Loghem, van der Hart and Dorfmeier (1958) found only one 
convincing warm hemolysin amongst the sera of 122 patients who 
formed warm antibodies and this antibody lysed normal cells only 
when trypsinized. Schubothe (1958) in his monograph Serologie 
und klinische Bedeutung der Autohimantikérper, which has in all 
704 references, reviewed the occurrence of ‘‘Warmeautohamo- 
lysine,”’ but was not able to quote from personal experience; he 
added that the immunological position of warm hzmolysins was 
far from clear, a statement with which the present author concurs. 

The subject of warm hzmolysins is further discussed in a later 
section of this book (p. 436). It should perhaps be stated now that 
the ability of the patient’s serum to lyse normal cells when 
trypsinized is of far less significance from the point of view of 
in-vivo hemolysis than the lysis of normal unmodified cells. 


Incomplete Antibodies 


Antiglobulin Reactions. Boorman, Dodd and Loutit (1946) 
and Loutit and Mollison (1946) were the first workers to demon- 
strate by means of the antiglobulin test (Coombs’s test or the 
Coombs test) the presence of incomplete antibodies adsorbed to 
the erythrocytes of patients with acquired hemolytic anemia. 
Their observations were soon confirmed by other workers through- 
out the world. 

Denys and van den Broucke (1947), for instance, reported 
positive direct tests in two patients, one of whom was an infant, 
and, mentioned positive results in four others. They also demon- 
strated the presence of free antibody in their patients’ sera and 
made interesting observations on the varying sensitivity of normal 
cells to the antibodies (see p. 444). Sturgeon (1947) reported 
positive direct and indirect tests with the erythrocytes and serum 
of three patients. He showed that the antibody could be eluted 
off washed erythrocytes by incubating saline suspensions of the 
cells at 37° C. or at 56° C. 

Evans, Duane and Behrendt (1947) also carried out some note- 
worthy studies on two patients; both gave positive direct and 
negative indirect antiglobulin tests. Evans and his colleagues 
demonstrated that the material coating the patients’ erythrocytes 
could be eluted by heating a suspension of cells in saline at 56° C. 
for 5 minutes and that the eluted material could then be trans- 
ferred to normal cells. They also demonstrated that the erythro- 
cytes of their patients underwent auto-agglutination when 
suspended in 30% bovine albumin or 2% acacia and stressed the 
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similarity between the presumed immune body of acquired 
hemolytic anemia and Rh “blocking” antibody. 


The validity of Boorman, Dodd and Loutit’s observations was also 
confirmed by Singer and Motulsky (1949). Sixteen patients with 
spherocytic anemia were investigated; seven were patients with 
acquired hemolytic anemia and all seven (including one patient whose 
disease was secondary to reticulosarcoma) gave positive direct Coombs 
tests. Of the remaining patients—one with hemolytic anzemia secondary 
to sulphonamide sensitivity and six with hereditary spherocytosis— 
only one patient (who had hereditary spherocytosis in a severe phase) 
gave a positive reaction. The term ‘‘developing test’? was introduced 
as a synonym for Coombs’s test. 

Gardner’s (1949) observations were also of importance. He found 
that at a pH of 6-5-6-7 normal erythrocytes or the patient’s own cells 
were agglutinated by the sera of 13 out of 15 patients. When the pH 
was raised to 8-0, agglutination was abolished but not sensitization to 
antiglobulin serum. In only three instances did sensitization result when 
normal cells were exposed to the patients’ unacidified sera. 

Evans and Duane (1949) described 11 patients with acquired hzemo- 
lytic anzemia (in one associated with chronic lymphocytic leukemia), 
whose erythrocytes gave positive antiglobulin tests. Using dilutions of 
antiglobulin serum, a fairly consistent correlation was found between 
the intensity of the reaction and the activity of the disease. They 
reported, however, that in one patient an increase in the degree of 
sensitization, as judged by the antiglobulin reaction, was not associated 
with an immediate recurrence of the hemolytic anemia. 

Jordan and Dingle (1949) studied 10 patients with acquired hemolytic 
anemia of varying type and obtained positive antiglobulin tests in seven 
of them. Three patients with ‘‘idiopathic”’ acquired hemolytic ansemia 
gave higher ‘‘Coombs titers”? than the four patients with secondary 
hemolytic anemia whose erythrocytes were only agglutinated in low 
dilutions of antiglobulin serum. 

Kidd (1949) investigated six patients with acquired hemolytic 
anemia whose erythrocytes gave strongly positive direct antiglobulin 
tests. He showed that potent eluates of the antibodies could be pre- 
pared by elution from erythrocyte stromata at a low pH. 

Young, Miller and Christian (1951) discussed in detail the use of the 
antiglobulin reaction in the diagnosis of hemolytic anemia of the 
auto-immune type and drew attention to the technical difficulties in 
carrying out the test quantitatively. The relationship between the 
laboratory tests for sensitization and the clinical course of the disease 
was illustrated by two case histories. 


These relatively early reports have been followed by an ever- 
increasing number of publications; the antiglobulin reaction has 
been investigated in more detail and other techniques for the 
demonstration of incomplete antibodies have been devised. Papers 
and monographs dealing with data based on relatively large num- 
bers of patients include those of Dacie (1954a), Davidsohn and 
Spurrier (1954), Evans and Weiser (1957), Pisciotta and Hinz 
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(1957), van Loghem, van der Hart and Dorfmeier (1958), Chaplin 
and Cassell (1958), Dausset and Colombani (1959) and Cassell and 
Chaplin (1960). 


Further Details of the Antiglobulin Reaction 


These will be considered under several headings; namely, weak 
or unusual reactions, prozones, and neutralization of antiglobulin 
serum by y globulin. 

Weak or Unusual Antiglobulin Reactions. It is a well- 
recognized fact that cases of acquired hemolytic anzemia occur in 
which the antiglobulin test is completely and repeatedly negative 
and all other tests for antibodies are similarly negative. Leaving 
aside these patients, whose hemolytic process, in some instances 
at least, is probably not brought about by auto-antibodies, there 
are others in whom the test is negative at the start of their illness 
or in whom the results are weak or equivocal or even repeatedly 
negative although there is other (more substantial) evidence of 
antibody formation. Although the use of impotent antiglobulin 
sera could be the reason for such observations, it seems unlikely 
that this is the only cause. Cases of the first category were 
reported by de Gruchy (1954) who found that in three out of 20 
patients the direct antiglobulin test did not become positive until 
the patient’s illness had lasted from 2 to 4 weeks. 

There appear to be two general circumstances under which the - 
results of the antiglobulin test using potent sera are inconclusive 
or even negative: (1) where complete auto-agglutinins are formed 
and (2) where the antibody concerned is unusual (in diverse and 
ill-understood ways). Complete auto-agglutinins are, as already 
mentioned, rare; where present, there is only a very little or even 
no increase in agglutination of the erythrocytes on the addition of 
antiglobulin serum to the saline-washed cells. Cases which appear 
to belong to the second group do not appear to be too rare. 
Davidsohn and Spurrier (1954) reported, for instance, that the 
direct antiglobulin test was negative in five out of 38 patients 
although ‘‘auto-antibodies”’ were detectable in their serum. Heni 
and Blessing (1954a) reported a similar case and suggested that 
the affinity of the antibody for the erythrocytes was weak. 

Evans (1955) reported an exceptionally interesting and possibly 
unique observation: this was that in one patient the direct anti- 
globulin test was positive only with an antiglobulin serum obtained 
from a rabbit immunized with the patient’s own serum proteins. 
Evans and Weiser (1957) have reported still further variations. 
Negative tests were observed in four of 41 patients. In one case, 
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however, the test was positive using antiglobulin serum prepared 
against the patient’s own serum proteins (see above, Evans, 1955). 
Weak reactions were observed in two children, both severely ill, 
and the erythrocytes of two further patients underwent auto- 
agglutination when centrifuged in 30% serum-beef albumin 
mixture—although the antiglobulin test itself was negative. The 
cells of a further patient were agglutinated by the antiglobulin 
serum if centrifuged immediately. On standing, however, the 
agglutination gradually reversed. Normal cells sensitized in an 
eluate from the patient’s erythrocytes behaved in exactly the same 
way. The patient’s cells, too, auto-agelutinated in serum-albumin 
mixture. Later, in a further clinical relapse, agglutination in anti- 
globulin serum became more normal and did not reverse. These 
fine studies underline the remarkable variability of serological 
findings in acquired hemolytic anzemia. 

Another possibly unique observation was reported by Miescher 
and Hollander (1956) who demonstrated a positive antiglobulin 
test using the “build-up” or “lattice” technique of Coombs, 
Gleeson-White and Hall (1951). Miescher and Hollander’s patient 
had an illness of uncertain nature (characterized by monocytosis 
and splenomegaly) and the author is unaware of reports of positive 
tests using the build-up technique in otherwise typical examples 
of “idiopathic”? auto-immune hemolytic anemia. In several 
personally investigated patients the technique has been tried but 
the results have been negative. 

Cases which fall into a different category are those where there 
is abundant evidence of antibody formation but the antibody 
appears to be demonstrable in the laboratory only by the use of 
. enzyme-treated, e.g., trypsinized, erythrocytes. Lemaire and. co- 
workers (1954), Payne, Spaet and Aggeler (1955) and Baikie and 
Pirrie (1956) have, for instance, all reported patients who developed 
acute hemolytic episodes but whose erythrocytes gave consistently 
negative direct antiglobulin reactions. The serum of each patient, 
however, contained a definite panagglutinin active against 
trypsinized erythrocytes. In two of these patients clinical recovery 
was associated eventually with the disappearance of the pan- 
agglutinin (see also Case 5, p. 390). Dacie and de Gruchy (1951) 
had reported a rather similar case (their Case 9) in which the 
direct antiglobulin test, positive at the onset of an acute hemolytic 
episode, became negative when the patient went into remission. 
A powerful panagglutinin active against trypsinized cells was 
nevertheless demonstrable in the patient’s serum for at least 10 
years after the attack. 
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Prozones in the Antiglobulin Test. van Loghem (1950), van 
Loghem and his co-workers (1950) and van Loghem, Stallman and 
van der Hart (1951) reported that when the sensitized erythro- 
cytes of three patients with acquired hemolytic anaemia were 
suspended in various dilutions of antiglobulin serum in saline the 
reaction was inhibited in the strongest concentration of the anti- 
globulin serum. A similar pattern of reaction had been found with 
cells sensitized by the Rh antibody anti-D (see also Hubinont and 
Massart-Guiot, 1950). van Loghem, Stallman and van der Hart 
(1951) compared the prozone reaction with the findings in a 
patient suffering from acquired hemolytic anzemia associated with 
cirrhosis of the liver where maximal agglutination took place in 
the strongest concentration of antiglobulin serum. 


These observations have been extended by later workers. Dacie 
(1953a), who reported on 11 patients with antibodies of the warm type, 
noted that although a prozone was marked in some cases this was not 
true of all, even though the same highly potent antiglobulin serum was 
used. It appeared that the absence of a prozone could be correlated 
with the presence on the erythrocytes of protein other than y globulin 
(see also Dacie, 1954a, Tables 10 and 11). Evans (1955) also studied the 
prozone phenomenon and recorded how in one instance this was abolished 
if the erythrocyte-antiglobulin serum suspension was immediately 
centrifuged. This was attributed to the centrifugation facilitating 
agelutination by bringing together cells before they became ‘‘coated”’ 
with an excess of antiglobulin. Evans and Weiser (1957) published further 
details of this phenomenon. However, in only one of their patients did 
a marked prozone develop with the three antiglobulin sera in use. They 
pointed out that this type of observation made it difficult to accept 
the hypothesis that antibody (antiglobulin) excess was the whole 
explanation of the phenomenon. 

More recently, Chaplin and Cassell (1960) have published interesting 
observations which underline the complexity of the prozone pheno- 
menon and indicate how qualitative differences in antiglobulin serum 
affect the results. Using four different antiglobulin sera and studying 
the reactions of the erythrocytes from 29 patients, Chaplin and Cassell 
observed five reaction patterns depending on whether the patients’ cells 
reacted with all four or fewer than all four sera and whether prozones 
developed. They remarked on the striking heterogeneity of the reactions 
and how each patient’s erythrocyte sample reacted in a manner which 
was unique in some respects. 


Neutralization of Antiglobulin Serum by y Globulin. In 
1947, Coombs and Mourant demonstrated that the component in 
antiglobulin serum which reacted with erythrocytes coated with 
Rh antibody was in all probability anti-y globulin. They showed 
that the addition of a small amount of y globulin to the anti- 
globulin serum rendered it incapable of agglutinating cells coated 
with Rh antibody whereas « globulin and § globulin had only a 
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slight effect which could be ascribed to contamination with traces 
of y globulin. Wiener, Hyman and Handman (1949) carried out 
similar experiments and used the inhibition of the agglutination 
of erythrocytes sensitized with Rh antibody as a serological test 
for human serum globulin. | 

Dacie (1951) extended this work. He demonstrated that the 
agglutination of erythrocytes sensitized by auto-antibodies was 
affected in different ways if a human y-globulin preparation was 
added to a potent rabbit antiglobulin serum. It was found when 
the test was carried out with the cells of two patients suffering 
from acquired hemolytic anzemia of the warm-antibody type that 
the reaction was inhibited by very small amounts of y globulin. 
Similar results were obtained with cells sensitized with the iso- 
antibody anti-D. In contrast, much more y globulin was required 
to inhibit agglutination by antiglobulin serum in two further 
patients whose sera contained cold agglutinins in high titres. 
Dacie concluded that these results supported the concept that 
warm antibodies were y globulins. The different type of reaction 
obtained with cells which had adsorbed cold antibodies was thought 
to indicate either that the antibodies were not y globulins or that 
the antiglobulin serum was reacting with a component of fresh 
serum (not a y globulin) adsorbed with the antibody (see also 
p. 462). Crawford and Mollison (1951), using a different approach, 
also showed by absorption experiments that the erythrocytes of 
patients with acquired hemolytic anemia, sensitized by warm and 
cold auto-antibodies, respectively, reacted with different com- 
ponents of the antiglobulin serum. 

Dacie (1958a, 1954a, p. 235) published the results of further 
studies. The observations originally made were confirmed but in 
addition it was found, using cells coated apparently by warm 
antibodies, that inhibition of agglutination by antiglobulin serum 
was by no means always produced by the prior addition of very 
small amounts of y globulin. The reaction might in fact be similar 
to that given by cells coated with cold antibodies, intermediate 
between the two, or inconstant. The use of antiglobulin serum to 
which y globulin had been added was referred to as the “‘ y-globulin 
neutralization test.” 

More recently, the author has employed antiglobulin sera 
reacting specifically with y-globulin-coated cells or cells coated 
with globulins other than y globulin. Preliminary results (Dacie, 
1960) have shown in the majority of instances where y globulin in 
low concentration has failed to inhibit agglutination of the patients’ 
cells by antiglobulin serum that the cells would nevertheless 
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react with the specific anti-y serum as well as with the “‘anti- 
non-y’’ serum, indicating that the cells were coated with antibody 
y globulin as well as with other globulins. (For further details see 
p-. 429.) 


Vaughan and Waller (1954) and Vaughan (1955) also concluded that 
the proteins coating the erythrocytes of patients with auto-immune 
henfolytic anemias might be composed of y-globulin or non-y-globulin 
components and that the latter globulins might be warm- or cold- 
reacting. Vaughan (1956) published the results of a more detailed study. 
Using anti-y and anti-non-y sera, he investigated 16 patients with 
miscellaneous types of primary or secondary acquired hemolytic 
anemia. In nine instances the erythrocytes reacted with the anti-non-y 
reagent only, in two with the anti-y reagent only and in five with both 
reagents. Vaughan concluded that three sensitizing components were 
involved, y globulin and warm and cold non-y globulins. Pisciotta and 
Hinz (1957), too, using an antiglobulin serum to which y globulin had 
been added noted marked, moderate or failure of inhibition of agglutina- 
tion. Cassell and Chaplin (1960), also using a y-globulin neutralization 
test, similarly found y, ‘‘mixed’’ or non-y patterns in a series of 29 
patients suffering from various types of acquired hemolytic anemia. 
The majority of the reactions were of the ‘“‘mixed”’ or non-y types and 
the authors were unable to correlate the type of reaction with the 
pattern of behaviour of the patients’ cells with the four antiglobulin 
sera employed in their study. 

The fact that the results obtained using antiglobulin sera to which 
y globulin had been added, although generally constant, might vary 
from time to time in a particular patient had been noticed by Dacie 
(1953a). Later, the author (Dacie, 1958b) referred to another striking 
case where the erythrocytes of a patient, during a phase of severe 
hemolysis, appeared to be coated with globulins other than y. During 
a remission, however, they reacted as if they were coated only with 
y globulin, as did normal cells coated with an antibody eluted from the 
patient’s cells during the period of active hemolysis. Similar observa- 
tions, with the result of the y-globulin neutralization test varying at 
different stages in the patients’ illness, have also been reported by 
Wuilleret (1958) and Konda and Yamada (1960). 


Nature of the ““Non-y”’ Antiglobulin Reaction 


The nature of the protein adsorbed to the erythrocytes of patients 
suffering from the warm-antibody type of acquired hemolytic 
anemia, which causes “‘intermediate” or “‘non-y’’ antiglobulin 
reactions is uncertain. In the author’s experience, where it has 
been possible to elute antibodies from the cells, the eluted anti- 
bodies, when adsorbed to normal corpuscles, have reacted with 
antiglobulin serum as if they were coated with y globulins (Dacie, 
1958b, 1959) (Table 20). It is probable, therefore, that, in some 
instances at least, the “‘non-y’’ reaction is brought about by 
protein adsorbed to erythrocytes in addition to y-globulin antibody 
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protein. There seem to be three possible explanations for this: 
(1) that the additional protein is antibody not composed of y 
globulin; (2) that the additional protein is a fraction or fractions 
of complement (cf, cold antibodies)—this seems probable in rare 
instances; or (3) that it is protein “‘non-specifically’’ adsorbed to 
antibody-damaged erythrocytes. 

It is difficult to be certain as to which explanation or explana- 
tions is correct. Some of the antibody might be composed, say, 
of B globulin. However, there seems to be no real evidence for 
this; moreover, it would then have to be accepted that B-globulin 
antibody does not withstand the elution procedure, whereas 
y-globulin antibody does. 

The second possibility that the additional protein is comple- 
ment, too, lacks supporting evidence. In the writer’s experience 
eluates prepared from cells coated with globulins other than y have 
failed to fix complement or other serum proteins on to erythrocytes 
in vitro, when the test erythrocytes were exposed to the eluate 
plus normal serum or the patient’s serum. However, adsorption 
of complement is probably the mechanism where the auto-antibody 
is of the rare in-saline-agglutinating type. Moreover, Konda and 
Yamada (1960) have reported only partial inhibition in the y- 
globulin neutralization test when eluates from three cases were 
dissolved in fresh normal serum and normal erythrocytes then 
exposed to the mixture. 

The third alternative has also no direct evidence to support it. 
However, it is known that damage to the erythrocytes’ surface by 
chemicals may result in the adsorption of protein (Jandl and 
Simmons, 1957), and it is conceivable that a variety of types of 
' damage to the cell surface occurring in vivo, not even necessarily 
due to immune antibodies, might similarly lead to adsorption of 
protein and a positive antiglobulin reaction. 


Further Methods of Demonstrating Erythrocyte 
Sensitization 


The auto-agglutination of erythrocytes coated by incomplete 
antibodies when suspended in whole plasma or serum, as in whole 
blood, has already been commented on. This is without doubt an 
important sign of sensitization, but it seems likely that a relatively 
heavy coating of antibody is required. It suffers too sometimes as 
a practical test because of difficulty in distinguishing true auto- 
agglutination from rouleaux formation and because cold auto- 
agglutination may be present at the same time. 
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Wiener (1945) reported that by using the “conglutination 
technique”’ he was able to demonstrate auto-agglutination in vitro 
at 37° C. of the blood of a patient with acquired hemolytic anemia, 
and this technique or modifications of it has been widely used as 
a direct test for erythrocyte sensitization. Such tests are on the 
-whole less satisfactory than the very sensitive direct antiglobulin 
test, but there is a case for applying the two types of test side by 
side (see below). 

Briiggemann and Hahn (1949) similarly pointed out that in- 
complete warm antibodies needed the presence of a thermostable 
non-specific serum factor for auto-agglutination to occur. Braun- 
steiner, Reimer and Speiser (1951) showed that suspension in 20% 
albumin would bring this about. Later, Michon, Lochard and 
Chamaly (1954) found that this could be brought about very 
effectively and rapidly if the patients’ own serum, concentrated by 
freezing and thawing, was used. 


Evans (1955) and Evans and Weiser (1957) used a mixture of 30% 
bovine albumin and serum (? equal volumes of each), with the patient’s 
cells in 594 suspension. The mixture was centrifuged at 1,000 rev./min. 
for 1 minute and then inspected for agglutination. The cells of 18 out of 
41 patients underwent agglutination in this way—37 out of the 41 
samples were agglutinated by antiglobulin serum, and Evans and 
Weiser concluded that the test was of little diagnostic value as the 
reactions were often weak or equivocal. However, in two cases the 
serum-albumin test was positive although the cells were not agglutinated 
by antiglobulin serum. 

van Loghem, van der Hart and Dorfmeier (1958) reported on the 
results they had obtained with a battery of direct tests; namely, the 
antiglobulin, albumin, papain and trypsin tests, the latter two tests being 
designed to demonstrate auto-agglutination of the patients’ cells when 
trypsinized or papainized. The direct antiglobulin test proved by far the 
most sensitive—in 80 out of 62 patients this test alone was positive, 
but in one patient the antiglobulin test was negative and all others 
positive and in a further patient the papain test alone was positive. 
van Loghem and his co-workers made the point that a positive albumin 
test was a pointer to the antibody being a specific Rh auto-antibody. 

Jandl and Castle (1956), using erythrocytes sensitized with incom- 
plete anti-D, compared the agglutination-enhancing property of various 
human plasma protein fractions as well as macromolecular substances 
such as carboxymethyicellulose, polyvinylpyrrolidone (PVP) and 
dextran. Concentration for concentration, fibrinogen was the most 
effective, PVP almost as effective and albumin the least effective! 
Seven cases of acquired hemolytic anemia were investigated in different 
stages of activity. Auto-agglutination in 5% PVP occurred more 
readily than in 25% human albumin. The test appeared to be even more 
sensitive than agglutination in antiglobulin serum. In one case it was 
clearly (2+) positive when the antiglobulin test was negative and in 
another the test remained strongly positive (8—4 + ) at a time when three 
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or more washings with saline had rendered the patient’s cells inagglutin- 
able by antiglobulin serum. The PVP test deserves to be more widely 
used. 

Pirofsky (1960) and Osgood (1961) have used the bromelin test. 
(Bromelin is a mixture of proteolytic enzymes obtained from pineapple 
stem.) Pirofsky described his results in 42 cases of auto-immune 
hemolytic anemia, all of which gave positive antiglobulin tests of the 
warm-antibody type. The results ran parallel, with the bromelin test 
being sometimes more sensitive; occasionally the reverse was true. 
Two false positives due to the presence of cold agglutinins were noted 
in 441 tests of control sera where the direct antiglobulin test was nega- 
tive, while in three cases of myeloma rouleaux formation was so marked 
that it was impossible to carry out the test satisfactorily. The bromelin 
test, which is simple to perform, clearly deserves further trial. 


Auto-Antibodies in Serum 


Incomplete warm antibodies in the serum of patients with auto- 
immune hemolytic anemia have been mainly sought by techniques 
similar to those used in detecting and titrating Rh antibodies; for 
example, by means of the indirect antiglobulin test, by titration in 
serum-albumin mixtures, and by use of enzyme-treated erythro- 
eytes. An important point that has to be made is that auto- 
antibody free in the serum is rarely present at high concentrations 
and may not be demonstrable at all, and, secondly, that iso-anti- 
bodies formed as the result of past transfusions are often confused 
with auto-antibody. According to the data of van Loghem, van 
der Hart and Dorfmeier (1958), iso-antibodies may be expected in 
about 10% of cases. 

Use of Antiglobulin Serum. As already referred to, Denys 
and van den Broucke (1947) and Sturgeon (1947), using the in- 
_ direct antiglobulin technique, appear to have been the first to 
demonstrate free antibody in patients’ sera. In more recent years, 
several large studies give a good idea of the frequency of the anti- 
bodies. Much of course depends on the stage of the patients’ 
illness, the number of tests carried out, the potency of the anti- 
globulin serum, etc., and the care taken to exclude positive results 
due to iso-antibodies. It is, however, clear that free antibodies 
are by no means always demonstrable, particularly if the anti- 
globulin serum technique is employed alone. 


Davidsohn and Spurrier (1954) reported on 35 patients with the 
‘““idiopathic”” type and on 21 patients with the secondary type of 
acquired hemolytic anemia, using three techniques. Free auto-anti- 
bodies were demonstrated in the sera of approximately two-thirds of 
their cases in both series. They concluded that the antibodies appeared in 
the plasma or serum only after the erythrocytes had become saturated. 
They mentioned, however, five patients with antibody in the serum 
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and with negative direct Coombs tests. Presumably, in these cases, the 
antibodies were detected by the enzyme-treated cell technique, although 
the authors do not themselves say so (see below). 

Evans and Weiser (1957) obtained positive indirect antiglobulin tests 
in eight out of 15 patients who had not been transfused, and had never 
been pregnant, and in 18 out of 26 patients who had been transfused 
-or had been pregnant. Evans and Weiser were cautious in interpreting 
the significance of their results, bearing in mind the difficulty in distin- 
guishing auto-antibodies from iso-antibodies. They made, however, 
several additional points: namely, that the degree to which an auto- 
antibody dissociates has probably a bearing on the concentration of free 
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per 100 ml. and the presence or absence of auto-antibody free 
in the serum of 40 patients suffering from auto-immune hzemo- 
lytic anzemia of the warm-antibody type. 

AG = indirect antiglobulin test, either positive (+) or 
negative (—). T= test for agglutination of trypsinized normal 
erythrocytes at 37° C., either positive (+) or negative (—). 

The mean hemoglobin concentrations are given; that of the 
AG—, T— series is significantly higher than that of the AG+, 
T+ series (P = 0-02-0-05). (From Dacie, 1959.) 


antibody in the serum, that this might depend on the speed of reaction 
between antibody and the receptors on the cell surface, that a high rate 
of formation should result in an overspill into the plasma and that free 
auto-antibody might be derived from destroyed cells or eluted from cells 
about to be destroyed. 

van Loghem, van der Hart and Dorfmeier (1958) investigated 38 
patients and employed six methods of antibody detection: 15 of their 
patients gave negative indirect antiglobulin tests. 

Dacie (1959) emphasized that free antibodies were more often detect- 
able in patients who were severely ill than in those in comparative 
remission. Of 40 patients studied, 20 gave positive indirect antiglobulin 
tests thought to be due to free auto-antibodies in the serum (Fig. 145). 
The author’s latest data are summarized on p. 434. 
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Dausset and Colombani (1959) have recently reported on as many as 
83 patients. They, too, noted a correlation between free antibody and 
the severity of the disease; for instance, circulating antibodies detectable 
by the indirect Coombs test were present in only 18-5% of patients who 
were “‘cured”’ of their disease against 52° of patients who died. Again, 
the indirect trypsin test was found to be more sensitive, the percentage 
of positives rising from 61-:5°% in the patients who recovered to 86% in 
those who died. 


Use of Enzyme-Treated Erythrocytes. The superior sensi- 
tivity of techniques employing trypsinized erythrocytes over the 
indirect antiglobulin test in detecting free auto-antibody has 
already been referred to. Trypsinized cells were first used in the 
detection of iso-antibodies by Morton and Pickles (1947, 1951). 
They were soon found to be a potent tool in the demonstration of 
abnormal antibodies in cases of acquired hemolytic anemia also 
(Dacie and de Gruchy, 1951; Wright e¢ al., 1951; Bouroncle, Dodd 
and Wright, 1951, etc.). 


Dausset and Vidal (1951) reported observations on eight patients 
suffering from ‘“‘idiopathic”’ acquired hemolytic anemia. A variety of 
techniques was used, including the direct and indirect antiglobulin 
methods, auto-agglutination in plasma-albumin, and antibody titration 
using normal erythrocytes in plasma-albumin and trypsinized cells in 
saline dilutions of the patient’s serum. It was concluded that the use 
of trypsinized cells was the most delicate method of detecting antibodies 
in patients’ sera. Eyquem (1951) compared the efficiency of the 
trypsinized-cell technique with titration in albumin and the indirect 
antiglobulin test and concluded that the results did not run parallel. 

Rosenthal, Dameshek and Burkhardt (1951) used trypsinized cells at 
three temperatures, 37° C., 22° C. and 3° C., and compared the results 
with those obtained by titrating the antibodies using normal erythro- 
cytes in saline, and in albumin, at the three different temperatures. 
' Whilst the results using the trypsinized cells and those obtained with 
normal erythrocytes in albumin were of the same order, Rosenthal and 
his colleagues thought that the trypsinized cells were less strongly 
agglutinated at 37° C. than were the normal (not trypsinized) cells in 
albumin; at 22° C., the intensity of agglutination was about the same 
by the two methods, but at 3° C. the trypsinized cells were much more 
strongly agglutinated than were the normal cells in albumin. 

Later publications have confirmed these early studies. Pisciotta and 
Hinz (1957), for instance, published extensive data on the sera of 33 
patients (the majority forming warm antibodies) which they tested with 
autologous erythrocytes and normal cells, using the saline, albumin and 
trypsinized-cell techniques. Sixteen out of 25 sera agglutinated trypsin- 
ized cells at 37° C., albeit some only weakly. Using 20% bovine albumin 
and normal (not trypsinized) cells, the titres were not so high and the 
end-points more difficult to read. 

Heller, Nelken and Gurevitch (1958) studied sera from 164 patients 
suffering from acquired hemolytic anzemia, idiopathic thrombocyto- 
penic purpura, pancytopenia, etc. Agglutinins active against papainized 
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cells were found in 31% of the sera whereas the indirect antiglobulin 
test was positive in only 2-4%. Positive results were obtained with 
eight out of 18 acquired hemolytic anzemia sera. 

Dausset and Colombani (1959) recorded the results of testing the sera 
of 72 patients by means of the indirect trypsinized-cell test. Positive 
results were obtained in two-thirds of the cases. Dausset and Colombani 
remarked that this test was positive twice as frequently as was the 
indirect antiglobulin test. 


The most sensitive tests of all, so far available, appear to be 
indirect antiglobulin tests employing trypsinized or papainized 
erythrocytes. van Loghem, van der Hart and Dorfmeier (1958), 
using papain, found that only two out of 38 tests for antibodies in 
patients’ sera were then negative; with trypsin as enzyme, ten, 
however, were negative. These combined enzyme antiglobulin 
tests need very carefully controlling; moreover, their exact 
significance, when other tests are negative, is perhaps doubtful 
(see p. 456). 

Of particular interest are cases where direct antiglobulin tests 
are repeatedly negative, yet indirect enzyme tests are clearly 
positive. Sometimes in fact trypsinized or papainized cells may be 
agglutinated to high titres. Instances of this sort have been 
recorded by Dausset (1952b), Dacie (1954a, p. 233), Lemaire and 
co-workers (1954), Payne, Spaet and Aggeler (1955), Baikie and 
Pirrie (1956), and Sokal (1957). 

Dausset (1952b) introduced the term “doubly incomplete anti- 
bodies”’ to describe antibodies only demonstrable by an enzyme 
technique; he postulated that they might have two non-reactive 
valencies. Dacie’s (1954a) case was a patient (T. O.) who on 
recovering from an acute hemolytic episode was found to have in 
his serum an apparently non-specific panagglutinin active against 
trypsinized cells to high titres, 256—1,024, but which failed com- 
pletely to sensitize the same corpuscles if untrypsinized to 
agglutination by antiglobulin serum. The reactions of the serum, 
which also contained two immune iso-antibodies, anti-c and 
anti-E, were illustrated by Dacie (1954a, Table 13). The patient 
described as Case 5 (p. 390) also formed an antibody of this 
general type. 

Jenkins and Marsh (1961) have recently described yet another 
variant. Three patients were investigated whose serum contained 
apparent panagglutinins which agglutinated stored erythrocytes, 
but not fresh cells: the sera also agglutinated enzyme-treated cells. 
Whether, in some of the previously described cases, the antibody 
would have agglutinated stored cells in addition to trypsinized 
cells needs to be determined. 


Usk oF ALBUMIN 427 


Source of Trypsin 


Most workers have used crystalline trypsin and this works admirably 
as a rule. It has always to be borne in mind though, as with certain 
iso-antibodies, that enzymes may destroy the antigen sites and that 
agglutination may fail to take place for this reason. In one case at least 
(that of Foster and Hutt, 1953), it was found that although strong 
agglutination followed the use of crystalline trypsin no agglutination 
took place when comparable amounts of crude trypsin or chymotrypsin 
were used. 


Use of Albumin or Serum-Albumin Mixtures. The albu- 
min or serum-albumin techniques already mentioned do not seem 
to have much to commend them. The method is relatively 
insensitive compared with enzyme methods and agglutination is 
more difficult to read, and the results when positive may be 
expected to parallel those obtained by the indirect antiglobulin 
technique. Representative data are to be found in the studies of 
Neber and Dameshek (1947), Dameshek (1951), Davidsohn and 
Oyamada (19538) and Pisciotta and Hinz (1957). Lower titres are 
usually obtained if normal corpuscles are substituted for the 
patients’ own cells. This is probably due to the patients’ erythro- 
cytes having already adsorbed antibody in vivo, as shown by 
positive antiglobulin tests, and the consequent tendency to auto- 
agglutination in serum-albumin mixtures. Thus the use of 
autologous cells in the demonstration of free antibodies by these 
techniques gives results of uncertain significance. 

Other macromolecular colloids such as dextran (Heni and 
Blessing, 1954a) have been used as substitutes for albumin, but it 
is doubtful whether they have any real advantages, and Weiner 
. (1958) has used albumin-suspended enzyme-treated cells. 


PERSONAL OBSERVATIONS 


The author has investigated 92 patients suffering from auto- 
immune hemolytic anemia of the “idiopathic”? warm-antibody 
type in the last 18 years or so. Some of the serological data has 
already been published (Dacie and de Gruchy, 1951; Ferriman et 
al., 1951; Dacie, 1958a, 1954a, p. 190, 1959, 1960). The whole 
series of observations is reviewed below. Summarized data are 
given in Tables 19, 22, 25, 28 and 45. 

Direct Antiglobulin Test. This was positive in each case; 
indeed, unless the test was positive the case has been relegated 
(perhaps rather arbitrarily) from the series. In several patients, 
e.g., Case 5, the test was always only weakly positive at the most. 
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However, in these particular patients there was additional evidence 
for the formation of auto-antibodies. 

Of necessity, several antiglobulin sera have been used over the 
period of years. This makes difficult a direct comparison of the 
reactions of the patients investigated 5-10 years ago with those 
more recently investigated. All the sera used have, however, been 
potent ones, reacting well with y globulin adsorbed to erythrocytes 
as well as with globulins other than y. Moreover, with each sera, 
when patients’ cells which were coated with y globulin only were 
tested, they were agglutinated less strongly in concentrated anti- 
globulin sera than in highly diluted sera, giving a prozone. When 
on the other hand the cells were coated with globulins other than 
or in addition to y globulin, there was a less obvious prozone or no 
prozone at all. Representative reactions are shown in Table 18. 

No attempt has been made to compare the intensity or speed of 
agelutination in the antiglobulin test with evidence of the rate of 
heemolysis in vivo, but as has been observed often by other workers 
some patients have given strongly positive reactions although in 
good clinical remission. This appeared to be particularly true of 
patients who had undergone splenectomy. 


Table 19 


Reactions of the Erythrocytes of Patients Suffering from ‘‘Idiopathic”’ Auto- 
Immune Hemolytic Anemia of the Warm-Antibody Type withAntiglobulin 
Sera to which Graded Amounts of Human y Globulin were Added 


No. of patients studied = 73 
y type = 32 
Intermediate type = 28 
Non-y type = 138 


Use of Antiglobulin Serum to which y Globulin or Other 
Globulins had been added. Tests using antiglobulin serum to 
which graded amounts of y globulin were first added have been 
carried out on the erythrocytes of 73 patients (Table 19). Repre- 
sentative results are given in Table 20. Inhibition was recorded 
as the “y type” or “complete”? when it was brought about by 
very small concentrations of y globulin, the reaction being similar 
to that obtained with Rh-antibody sensitized cells, as the ‘“‘non-y 
type” when there was little or no inhibition, and as ‘‘intermediate”’ 
when partial inhibition was observed. 
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Use of Anti-y and Anti-Non-y Sera. Recently, sera reacting 
specifically with y globulin or globulins other than y have been 
used. These sera were originally prepared by adding to a standard 
potent antiglobulin serum sufficient electrophoretically separated 
a»! globulin or y globulin to inhibit completely the agglutination 
of cells sensitized by the “‘incomplete”’ cold antibody of normal 
serum or the Rh antibody anti-D, respectively. Recently, excellent 
anti-y sera have been prepared by the method of Milgrom, Lusz- 
ezynski and Dubiski (1956), reinjecting into rabbits their own 
erythrocytes after being “coated” with human y globulin (Fairley 
and Harris, 1961). Typical results obtained with these sera are 
shown in Table 21. The majority of patients’ cells tested 
reacted with both the anti-y and anti-non-y sera, and only a 
relatively small proportion reacted strictly with the anti-y serum 
alone. Four samples of cells reacted with the anti-non-y serum 
only. The antibody in these cases appeared to act as an in-saline 
agglutinin and it is thought that the reaction with the anti-non-y 
serum was most probably a reaction between the antiserum and 
complement fixed on to the surface of the erythrocytes by the 
antibody (see p. 463), where probable analogous reactions with cold 
antibodies are discussed) (Table 22). 


Table 22 
Reactions of the Erythrocytes of Patients Suffering from ‘“‘Idiopathic”’ 
Auto-Immune Hemolytic Anemia of the Warm-Antibody Type with 
Anti-y and Anti-non-y Antiglobulin Sera 
No. of patients studied == $22 
Agglutination by anti-y serum alone = 
Agglutination by anti-non-y serum alone = 


Agglutination by both sera == it 


Preparation of Antibody-Containing Eluates. Elution of 
antibody from erythrocytes has been attempted in 35 patients. 
The methods used have included those of Kidd (1949), Mitchell 


1 The «,-globulin preparation used was made by elution of the «,-globulin 
fraction of normal serum separated electrophoretically on starch block. This 
fraction was selected because it caused slightly more inhibition of agglutination 
by antiglobulin serum of cells sensitized by cold antibodies than did the 
corresponding f£-globulin fraction, and less inhibition of the agglutination of 
cells sensitized by Rh antibodies. This observation underlines the fact that the 
electrophoretic and immunological properties of serum proteins do not exactly 
correspond. 
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(described by Dacie, 1956), and Weiner (1957). In 24 out of 35 
cases investigated eluates were obtained which were demonstrated 
by the indirect antiglobulin and/or trypsinized-cell techniques to 
contain antibody active at 37° C. It is probably significant that in 
nine out of the 11 cases in which attempts to prepare eluates were 
unsuccessful the direct antiglobulin reaction was of the non-y or 
intermediate type, whereas in the 24 successful eluations in six 
instances only was the reaction not of the y type. 

The presence of major amounts of protein, other than y globulin, 
on the cell surfaces thus seems to diminish the chances of making 
an eluate containing detectable amounts of antibody y globulin; 
perhaps in some of these cases the cells are in fact coated with very 
little y globulin indeed. 

Agéslutination in Saline Dilutions of Serum. Minor degrees 
of macroscopic auto-agglutination developed when undiluted 
oxalated, heparinized or defibrinated whole blood of many of the 
patients was allowed to stand for 5-15 minutes at 37° C. Occasion- 
ally, the auto-agglutination became visible to the naked eye almost 
immediately. When viewed microscopically, the “‘agglutination”’ 
was found in some cases to be due probably to excessive rouleaux 
formation, but in most instances it seemed to be true agglutination. 
The phenomenon is probably explained by cells heavily coated 
with antibody undergoing auto-agglutination in a medium con- 
taining a high concentration of protein (see also p. 608). 

In four patients only out of 85 sera specifically tested for the 
phenomenon was it possible to demonstrate unequivocally that 
normal erythrocytes were agglutinated in undiluted patients’ 
serum at 37° C. or in dilutions of it in saline. The serum of a 
further patient (Case 4) agglutinated normal cells weakly. All five 
patients were severely ill. Four died of their disease; the fifth, a 
child aged 3 years, was also suffering from acute hemolytic 
anemia but her further history is unknown. Of the four other 
patients, one had developed in-saline agglutinating specific Rh 
auto-antibodies at high titre (Case 12 of Dacie, 1954a); two others 
had formed an apparently similar and remarkable type of auto- 
antibody, active at 37° C., but potentiated to some extent at lower 
temperatures as well as by fall in pH, which readily agglutinated 
and also hemolysed normal corpuscles in vitro (Case S. B. of Dacie 
(1949a) and Case 7, see pp. 489 and 442). The history of the fourth 
patient (Case 4), who also suffered from thrombocytopenic purpura, 
is given on p. 389. 

Agglutination of Trypsinized Erythrocytes at 37° C. In 
most instances the ability of the patients’ serum to agglutinate 
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trypsinized normal erythrocytes at 37° C. has been tested. Such 
tests need care in execution and interpretation if agglutination 
due to iso-antibody, perhaps provoked by past transfusions, is not 
to be confused with agglutination by auto-antibody. The tests 
have, therefore, been carried out with erythrocytes of as near as 
possible the same genotype as that of the patient, or with a small 
panel of cells of different genotypes. Eighty-four sera have been 
studied and what is believed to have been free auto-antibody has 
been demonstrated in 55 instances, an incidence of 65°. Other 
enzymes such as papain and ficin have not been systematically 
employed. 

In some instances it was possible to increase the apparent 
antibody titre using trypsinized cells by substituting fresh normal 
serum as diluent instead of saline. Similar observations were made 
by Hoyt and Zwicker (1952) in the case of anti-D. The titre in one 
case was also further increased by slight acidification of the serum 
(Table 23). 


Table 23 


Agglutination of Trypsinized Normal Erythrocytes by the Serum of a 
Patient suffering from Auto-Immune Hemolytic Anemia of the Warm- 
Antibody Type (Case 9 of Dacie, 1954a) 


Dilutions of patient’s serum 


Diluent pH Control 
1 in 2 1 in 4 lin 8 1in16 (diluent 
only) 
Saline 8:0 ++ trace — — — 
Normal serum 8-0 + +4 + + trace _ _ 
Acidified 
normal serum 6°5 + + +4 + trace _ 


+-+ denotes moderately strong naked-eye agglutination, and + a lesser 
degree of agglutination; — denotes no agglutination. 


Prozones were not commonly met with but in the striking 
example illustrated in Table 24 inhibition of agglutination in 
undiluted serum led to the antibody being originally missed 
altogether (Case 5, see p. 390). 

Indirect Antiglobulin Reaction at 37° C. Tests have been 
carried out with the sera of 79 patients, again taking care to choose 
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erythrocytes of genotype as close as possible to that of the patient. 
By this means free antibody has been demonstrated in the sera of 
37 patients, an incidence of 47°. 

The higher frequency with which antibodies can be detected 
using trypsinized cells is of interest, and in Fig. 145 (p. 424) are 
shown the results of a study of 40 patients in whom the antiglobulin 
test as well as the trypsinized-cell technique were employed 
on the same sample of serum and using the same erythrocytes. 
Both tests were positive in 20 patients; tests using trypsinized 
cells were positive and the indirect antiglobulin test negative in 
9 patients, and both tests were negative in a further 11 patients. 
It is interesting to note that the patients in whom antibody could 
be demonstrated by the antiglobulin method were on the whole 
the most anemic, confirming the reasonable supposition that the 
more antibody formed, the more that is free in the serum and the 
more severely affected the patient is likely to be. It should be 
added that the positive indirect antiglobulin reactions were seldom 
strong and often it seemed that mere traces of antibody were 
present. The reactions were of the y type except in a very few 
instances where the antibodies, presumably, were able to fix 
complement. 

The significance of antibodies only demonstrable by the enzyme- 
treated cell technique is not yet clearly understood. Possibly, 
they represent an “‘imperfect”’ type of antibody formation, which 
although important as evidence of auto-immunization, is 
unimportant clinically. 

Lysis of Trypsinized Erythrocytes or PNH Erythrocytes 
at 37° C. The ability of the patients’ sera to lyse both these types 


Table 25 


Incidence of Lysis at 37° C. of Trypsinized Normal (TN) Erythrocytes 
or PNH Erythrocytes by Sera of Patients with Auto-Immune Hemolytic 
Anemia of the Warm-Antibody Type 


Lysis Lysis Lysis Total No. 
No. of | of TN cells |of PNH cells|of PNH cells| of cases with serum 
Lones alone alone and TN cells lytic activity 
89 5 Pi 10 22 


Lysis of trypsinized cells at 37° C. 15 out of 84 = 18% 
Lysis of PNH cells at 37° C. 17 out of 89 = 19% 
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of cell has been studied in most instances and lysis of one or other 
or both types of cell has been observed in 22 out of 89 cases. 
Trypsinized cells lysed in 15 out of 84 cases (18%), and PNH cells 
lysed in 17 out of 89 cases (19%); in 10 cases both types of cell 
were lysed (Table 25). There was no strict parallelism between 
the lytic titre for each type of cell and although in most instances 
both types of cell were lysed this was not always so. Dacie and 
de Gruchy (1951) pointed this out and suggested that it indicated 
subtle differences in the antibodies between one case and another. 


9 8 7 6 5 
pH 


Fic. 146. The effect of pH on the lysis of trypsinized normal erythro- 
cytes by a warm hemolysin (Case 13 of Dacie, 1954a). 


The effect of pH on the lysis of trypsinized normal erythrocytes is 
shown in Fig. 146. 

The significance of the lysis of trypsinized and/or PNH cells is 
obscure. It is an unusual feature, and presumably depends upon 
the presence of unusual antibody components. It is perhaps 
significant that in none of the patients whose sera had lytic 
properties was it possible to demonstrate that the antibody had 
any specificity. (Rh antibodies are not lytic.) It is interesting to 
consider whether the presence of antibody components capable of 
lysing trypsinized or PNH erythrocytes is a sign of a poor prognosis. 


438 ““TpIoPATHIC’”’ TyPpE: SEROLOGY 


Many of the patients were in fact seriously ill and nine out of the 
22 patients died. Although the mortality is thus high, it is, 
nevertheless, not higher than for the warm-antibody type of 
disease taken as a whole (see p. 692). 

To summarize, there appear to be two kinds of antibody or 
antibody mixtures capable of causing lysis of trypsinized or PNH 
erythrocytes; (1) a lytic component superimposed on “non- 
specific’? incomplete antibody and (2), rarely, a complete antibody 
acting as a warm auto-agglutinin and lysin of normal cells and also 
causing lysis of trypsinized or PNH cells. The latter type of 
antibody does seem to be especially dangerous (see below), but 
whether the presence of antibodies in the first category—lysing 
the abnormal cells but not normal ones—is also a danger sign 
remains to be seen. 


9 8 7 6 
pH 


Fic. 147. The effect of pH on the hemolysis of normal erythrocytes 
by a “warm heemolysin”’ in the serum of a patient suffering from 
fatal severe auto-immune hemolytic anzmia (Dacie, 1949a). 


A = effect on observed hemolysis; B = effect on the adsorp- 
tion of the antibody. 
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Lysis of Normal Erythrocytes at 37° C. (“Warm Hemo- 
lysins”’). Only two patients out of the total of 89 investigated 
had antibodies capable of causing well marked lysis of normal 
erythrocytes at 37° C. Two other sera, which actively lysed 
trypsinized and PNH cells, caused traces of lysis of normal cells. 


The first patient was studied in 1947 and an account was published 
by Dacie (1949a). The hemolysin in the serum of this patient was 
thermostable; although barely active in unacidified serum, it caused 
definite and rapid lysis at 37° C. of the patient’s erythrocytes or of 
normal cells in the presence of complement if the serum was suitably 
acidified. The effect of pH is shown in Fig. 147; the optimum pH for 
hemolysis was about pH 6-7, with inhibition above pH 8-0 and below 
pH 6-2. Actually, the inhibition at pH 6-2 and below appeared to be 
due to inhibition of complement as the lysin itself seemed to be adsorbed 
increasingly well as the serum was made more acid (Fig. 147). This 
patient’s serum, even if unacidified, lysed trypsinized normal erythro- 
cytes to a titre of 256 and PNH erythrocytes to a titre of 64 at 37° C. 
It also agglutinated normal erythrocytes at 37° C. Agelutination like 
lysis was enhanced by fall in pH; it was also more intense at 20° C. than 
ats? C. 

The second of the author’s two patients whose sera caused striking 
lysis of normal erythrocytes at 37° C. was studied more recently, 
through the courtesy of Dr. J. Sakula. The history and serological 
findings of this case are of exceptional interest and are given briefly 
below (Case 7). 


Case Report. Chronic Auto-Immune Hemolytic Anemia Associated 
with Thrombocytopenic Purpura, Terminating in Fulminating 
Hemolytic Ancemia 


Case 7. The following is a summary of the clinical history. The patient, 
a boy, developed in 1952 acute thrombocytopenic purpura when 3 years 
of age. He recovered from this and in 1954 he was admitted into 
hospital suffering from acute hemolytic anemia. The antiglobulin test 
was positive and the y-globulin neutralization test indicated that his 
erythrocytes were coated with non-y globulins, in addition probably to 
y globulin. 

In October 1955 hemolytic ansemia and thrombocytopenic purpura 
reappeared together and splenectomy was carried out with eventual 
benefit. The direct antiglobulin test was quite strongly positive and the 
erythrocytes now appeared to be coated by y globulin only. 

In April 1956 and August 1956 he suffered from further episodes of 
thrombocytopenic purpura. From then on he was well until February 
1960 when he was admitted into hospital suffering from fulminating 
hemolysis and continuous hemoglobinuria. He was found to be pale 
and jaundiced, with cyanosis also of his lips and cheeks, and to have a 
curious purplish reticular rash over his arms and legs (‘‘ livedo annul- 
aris,” see p. 352). He died despite high doses of steroids and numerous 
transfusions. 
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Heematological and Serological Findings (February 1960) 


Immediate auto-agglutination was visible when venous blood was 
withdrawn. This persisted at 87° C. and was visible, too, as a definite 
granularity when a few drops of blood were suspended in a large volume 
of warm saline. Auto-agglutination became ‘‘massive’’ when a blood 
sample was allowed to stand at room temperature (20° C.). Microscopic 
examination of whole blood showed ‘‘total’’ auto-agglutination; only 
leucocytes and platelets could be seen lying free between the tightly 
packed large clumps of erythrocytes. 

Blood Picture. The hemoglobin concentration was 5-2 g. per 100 ml.; 
an erythrocyte count could not be carried out because of the auto- 
agglutination; reticulocyte count, 1%; total leucocyte count 4,500 per 
cu. mm.; nucleated erythrocyte count 11,500 per cu. mm. Stained 
films showed intense agglutination and spherocytosis. There was little 
polychromasia. Many normoblasts were present, often having broken 
up and distorted nuclei (Fig. 124, p. 358). Occasional myelocytes were 
present and a few monocytes could be seen which had phagocytosed 
erythrocytes; many examples of this were present in buffy-coat prepara- 
tions made from defibrinated blood (Figs. 128 and 129, p. 360). 

The serum was deep brown-red in colour and contained large amounts 
of methemalbumin and free hemoglobin. Haptoglobins were absent. 

Osmotic fragility was markedly increased, lysis commencing in 
0-709, NaCl; the MCF was 0-565°% NaCl. 

Serological Findings. The patient was group O, Rh-negative. The 
direct antiglobulin test was strongly positive, although the cells were 
already auto-agelutinated, and positive reactions were obtained with an 
anti-y and an anti-non-y antiglobulin serum. The patient’s washed 
erythrocytes were tested to see if they would undergo lysis at 37° C. 
and 20° C. in fresh normal serum at pH 8-0 and 6-8. The results were 
equivocal and if lysis occurred at all under these conditions it was 
minimal. 

The patient’s serum was found to agglutinate normal group-O Rh- 
negative erythrocytes to a titre of 64 at 2° C. and 20° C. and cause weak 
agglutination in undiluted serum at 37° C. Trypsinized erythrocytes 
were agglutinated at titres of 1,024 at 2° C. and 20° C. and 382 at 37° C. 
The data with normal cells are summarized in Table 26. A panel of 
group-O cells of different Rh-genotypes were investigated; all were 
agglutinated to identical titres and it was not possible to demonstrate 
any specificity within the Rh system or any other known blood- 
group system. Serum complement was found to be absent or almost 
absent. 

The patient’s serum was next tested for its ability to lyse normal 
erythrocytes in vitro. An equal volume of a normal serum was added 
to it to provide complement. The mixture was then acidified with 10% 
by volume of HCl of varying normalities so as to give a range of pH 
varying from pH 8:0 to pH 6-2, approximately. The samples of acidified 
sera were then diluted serially in fresh normal serum acidified to a 
similar degree. Finally, after setting up two sets of tubes at 37° C. and 
20° C. respectively, one-tenth volumes of a 50° suspension of washed 
normal group-O Rh-negative cells were added to each tube and the 
suspensions were well but gently mixed. After 1 hour the tubes were 
read for agglutination and after a further 1 hour for lysis. The results 
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are shown in Table 27. It can be seen that under the experimental 
conditions the normal cells were agglutinated and lysed at 37° C. and 
that cooling to 20° C. and decrease in pH increased both agglutination 
and lysis. A small but definite amount of agglutination and lysis, how- 
ever, occurred in the physiological pH range at 37° C. 


Table 27 


Lysis of Normal Erythrocytes by the Serum of a Patient with Acute Auto- 
Immune Hemolytic Anemia (Case 7) 


co lin2 lin8 1in32 | lin8 1in32 1in128 
Approx. pH S72. 20° C. 


+++ denotes marked lysis, ++, ++, + and + lesser degrees of lysis; 
— denotes no lysis. 


Comment. This boy’s story is exceptionally interesting in that a fatal 
hemolytic episode occurred as the culmination of less severe hemolytic 
anemia and thrombocytopenic purpura extending over the previous 9 
years. The antibody finally produced appears to have no normal 
counterpart amongst the iso-antibodies in respect of its potentiation by 
fallin pH. The effect of cooling, however, is not very different from that 
observed with anti-A or anti-B, being quite definite but less marked in 
degree than with the more normal type of pathological cold antibody 
(see p. 467). In its temperature requirements, therefore, the antibody 
occupies a position intermediate between typical warm and cold anti- 
bodies. Absence of complement in the patient’s serum was presumably 
the consequence of the continuing intense intravascular hemolysis. 

Summary. A case of fatal auto-immune hemolytic anemia brought 
about by an antibody causing marked autohzemolysis and auto- 
agglutination at 37° C. The activity of the antibody was moderately 
potentiated by fall in temperature and pH. 


Cold-Aggslutinin Titres. Data are available in the majority 
of cases. In most instances the titres were, however, within the 
normal range (< 64). However, abnormally high titres were 
recorded with ten out of 77 sera, the highest being 256-512 (five 
sera). 

Presence of Iso-Antibodies. Many of the patients investi- 
gated had been transfused at varying times during their illness and 
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the development of iso-antibodies was to be expected. Although 
they have not been sought for systematically in every instance, at 
least seven examples of anti-E have been encountered. 


FURTHER DETAILS CONCERNING WARM 
AUTO-ANTIBODIES 


Species Specificity. The limited data available suggest that 
warm antibodies may sometimes react to some extent with the 
erythrocytes of chimpanzees and Rhesus monkeys as well as with 
those of man. 


Sturgeon (1947) obtained an antibody from the erythrocytes of a 
patient suffering from acquired hemolytic anemia by heat-elution and 
found that the antibody reacted with human erythrocytes of group O 
(Rh-positive and Rh-negative), group A, group B and group AB, but 
not with Rhesus-monkey cells or sheep cells. 

Kidd (1949) tested eluates made from erythrocyte stromata obtained 
from four patients with acquired hemolytic anemia. Human erythro- 
cytes of groups A, B, O Rh-positive and O Rh-negative became strongly 
agelutinable by an anti-human globulin serum when treated with the 
eluates, but mouse, guinea-pig, rabbit, rat, fowl, sheep and horse cells 
were not affected. Rhesus-monkey erythrocytes were weakly sensitized 
by two of the eluates. Similar observations were made by Komninos 
and Rosenthal (1953) in a larger series of cases; they failed, however, 
to demonstrate agglutination or sensitization of ‘““‘monkey”’ corpuscles. 

Wiener, Gordon and Gallop (1953) tested the serum of one patient 
against the erythrocytes of various species using cells which had been 
acted upon by the enzyme ficin. Chimpanzee and Rhesus-monkey 
erythrocytes were agglutinated to slightly lower titres than were human 
cells; spider-monkey, cow, horse and sheep erythrocytes were aggluti- 
nated to far lower titres. Wiener and his co-workers pointed out that in 
this respect the behaviour of the antibody of their patient paralleled 
that of Rh antibodies. 

More recently, Evans and Weiser (1957) tested three eluates contain- 
ing warm antibodies against a variety of animal erythrocytes; only the 
cells of Rhesus monkeys became weakly agglutinable by antiglobulin 
serum. 


Specificity in Relation to Human Erythrocytes 


As has already been mentioned, an essential feature of the 
antibodies of acquired hemolytic anzemia is their ability to act 
upon the patient’s own erythrocytes, 2.e., they act as auto-anti- 
bodies. About this there is no dispute. The antibodies, in most 
instances at least, also act as iso-antibodies and generally react 
with most, if not all, human erythrocytes to some extent. Until 
1953 the antibodies were generally considered to be ‘‘non-specific,”’ 
that is to say they were thought to react with an antigen of 
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undetermined nature present on the surface of all human erythro- 
cytes which was quite independent of the presence or absence of 
other blood-group antigens. It is now known that this is not 
necessarily true and that auto-antibodies of definite specificity, 
usually within the Rh system, may be formed by some patients in 
addition to, or rarely in place of, unidentifiable ‘‘non-specific”’ 
components (see below). That there might be differences in the 
sensitivity of different samples of normal human corpuscles to the 
antibodies had been known for some time, but the significance of 
this in relation to a possible specificity of the antibodies had not 
been fully appreciated. 


Denys and van der Broucke (1947) described how blood from 82 
subjects was tested for compatability with their patient’s serum by 
means of the indirect antiglobulin test. Twenty-six of the samples reacted 
positively, four gave weak reactions whilst two samples did not react at 
all. The reactions with a more active serum derived from a second patient 
were similar. However, the exact specificity of the antibodies in relation- 
ship to known blood-group factors could not be determined ; moreover, it 
appeared that all the samples of blood which reacted feebly or failed to re- 
act were from females. Kuhns and Wagley (1949) found an unidentifiable 
antibody in their patient’s serum which agglutinated the patient’s 
erythrocytes as well as 63% of a panel of normal erythrocytes apparently 
irrespective of their blood groups as far as they were then known. 

Subsequently, it was suggested that antibodies reacting only with 
the patient’s own erythrocytes might sometimes be formed. Davidsohn 
and Oyamada (1953) reported that when the sera of patients suffering 
from acquired hemolytic anemia were tested for warm agglutinins, 
using 20° bovine albumin as a diluent, three consistent reaction 
patterns were observed: (1) in which antibodies in the patients’ sera 
agglutinated normal erythrocytes to approximately the same titre as 
the patients’ own cells; (2) in which the patients’ cells were agglutinated 
to significantly higher titres than were the normal cells, and (8) in which 
the patients’ cells were agglutinated but normal cells were not aggluti- 
nated (‘‘auto-specific’’ antibodies). Dameshek (1951) had previously 
made similar observations, but concluded tentatively that the stronger 
reactions with the patients’ erythrocytes were due to the cells being 
already ‘‘coated’’ with antibody and that the presence of serum and 
albumin led to their agglutination. Direct antiglobulin tests were in fact 
positive in both Dameshek’s and Davidsohn and Oyamada’s cases. 

The author believes that Dameshek’s interpretation is more likely to 
be the correct one, at least in most instances. To prove Davidsohn and 
Oyamada’s contention that strictly specific auto-antibodies existed, it 
would seem to be necessary to elute the antibodies from the patients’ 
erythrocytes and then to test the eluates for the specificity of the anti- 
bodies they contained. This was not carried out. Davidsohn and 
Oyamada’s interpretation seems open to argument for another reason: 
if the antibody really was autospecific in any particular case, then 
normal erythrocytes should survive for the normal length of time after 
transfusion to the patient. This is a very rare event in auto-immune 
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hemolytic anzmia (see p. 388). Indeed, one of Davidsohn and Oya- 
mada’s own patients (their Case 19), whose antibody was considered to be 
strictly autospecific, had been given 100 blood transfusions in 5 months. 


In addition to the differences referred to above in the sensitivity 
of erythrocytes to agglutination by antibodies present in the serum 
of patients with auto-immune hemolytic anzmia, it should be 
mentioned also that a considerable amount of evidence was being 
accumulated at about the same time pointing to definite similari- 
ties between the auto-antibodies of acquired hemolytic anemia 
and Rh antibodies. Wiener as early as 1945 had reported, using 
the conglutination technique, auto-agglutination in vitro at body 
temperature of the erythrocytes of a case of acquired hemolytic 
anemia and Evans, Duane and Behrendt (1947) stressed the 
similarity of the behaviour of the immune body of acquired 
hemolytic anemia and Rh blocking antibody in several in-vitro 
tests. Hackett (1950) compared the results of antiglobulin tests 
using erythrocytes from a case of acute acquired hemolytic anzemia 
and cells sensitized in vitro with the Rh antibody anti-D and 
showed that each type of cell adsorbed the same component out 
of the antiglobulin serum. Dacie (1951, 1953a) also pointed out 
the similarity in behaviour of the two types of cell in the anti- 
globulin test. 

Finally, Wiener and Gordon (1953) and Wiener, Gordon and 
Gallop (1953) went so far as to suggest that the auto-antibodies in 
acquired hemolytic anzmia might be directed against the “‘nucleus 
of the Rh-Hr substance.” This hypothesis was based on finding 
that erythrocytes maximally sensitized with anti-D and the auto- 
antibodies of acquired hemolytic anzemia, respectively, reacted to 
the same titre with antiglobulin sera, and also on the observed 
reactions with erythrocytes of various species, already mentioned 
on p. 443. Heni and Blessing (1954a), too, put forward some 
interesting speculations. They suggested that as the antigenicity 
or antigen strength of the erythrocytes diminished so did the 
amount of antibody free in the plasma increase in relation to that 
found on cells. They also suggested that when antibodies were 
developed against strong antigens they were likely to be only 
slightly specific (panagglutinins), and that they would be more 
specific when formed against weaker antigens and that against the 
weakest antigens they might react solely with the patient’s own 
erythrocytes. 

With the observations mentioned in the previous paragraphs as 
a background, the stage was set for the demonstration of speci- 
ficity. 
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The first point that should be made is that the antibodies have. 
not been shown to be strictly auto-specific: the ones so far identified 
have been found to be mostly directed against Rh antigens, 
particularly the antigen e. The first example of this type of 
specificity was probably observed by Dr. Ruth Sanger in an un- 
published fatal case of acquired hemolytic anemia. In 1953 
Weiner and co-workers described a further patient in whose serum 
anti-e was demonstrated. The erythrocytes of this patient gave a 
positive direct antiglobulin reaction and eluates made from them 
were shown to contain an antibody reacting only with e-positive 
corpuscles. As the patient’s probable genotype was CDe/CDe, 
there seemed no doubt that the anti-e was acting as an auto- 
antibody and was presumably responsible for the patient’s hzemo- 
lytic anemia. Hollander (1953) also reported the finding of a 
specific auto-antibody in a patient of probable Rh genotype 
CDe/cde suffering from acquired hemolytic anemia. The patient’s 
serum contained anti-c, whilst anti-c and a “non-specific”? com- 
ponent were identified in an eluate made from his corpuscles. 

Dacie (1953b) and Dacie and Cutbush (1954) reported on the 
results of an investigation into the specificity of the warm anti- 
bodies developed by ten patients suffering from “idiopathic” 
acquired hemolytic anzmia. Several interesting facts emerged. 
Only one patient out of the ten failed to develop “‘non-specific”’ 
antibodies. Instead, she formed both anti-e and anti-C; as her 
probable genotype was known to be CDe/cde, these antibodies 
could be justifiably described as specific auto-antibodies. The 
patient died of a fulminating hemolytic anemia; her history was 
described by Dacie (1954a, Case 12). All the other nine patients 
formed apparently “‘non-specific’’ antibodies; in addition, how- 
ever, three of them formed anti-e, and one patient anti-e and anti-D 
(at different times). As the probable Rh genotype of the latter 
four patients was in each instance CDe/cde, it was clear that these 
antibodies, too, were capable of acting as auto-antibodies. Indeed, 
in two cases anti-e was successfully recovered from the eluates 
made from the patients’ corpuscles. The “‘non-specific”’ antibodies 
were equally interesting. In three cases, using erythrocytes of 
genotype —D—/—D- (Race, Sanger and Selwyn, 1951), it was possible 
to show that the “non-specific”? antibody consisted of two com- 
ponents: (1) “non-specific’”’ antibody in the “‘strict”’ sense, 7.e., an 
antibody reacting with and adsorbed by erythrocytes of all groups 
and types tested, including the —D—/—D- corpuscles, and (2) an 
‘unidentified component reacting with and adsorbed by all cor- 
puscles tested except —D-/—D- ones, the —D-/—D- corpuscles 
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presumably being deficient in some antigen common to other types 
of corpuscles in addition to being deficient in Ce and Ee. 

Subsequently, van Loghem and van der Hart (1954a) published 
the results of studies also carried out on ten patients with acquired 
hemolytic anemia, the antibodies being of the warm type in six 
of them. Specific auto-antibodies were identified in five of the six 
cases, the specificities being anti-D, anti-c, anti-c + e (two cases) 
and anti-Jk*, respectively. 

These early observations have by now been confirmed by many 
workers in different parts of the world (van Loghem and van der 
Hart, 1954b; Hollander, 1954; Flickiger, Ricci and Usteri, 1955; 
Ruggieri and Puglisi, 1955; Spielmann, 1956; Crowley and Bour- 
oncle, 1955, 1956; Weiner, Whitehead and Walkden, 1956; Kiss- 
meyer-Nielsen, Bichel and Bjerre Hansen, 1956; Meuli, 1957; 
Speiser, 1957; Wiener, Gordon and Russow, 1957; Kissmeyer- 
Nielsen, 1957a,b; van Loghem, van der Hart and Dorfmeier, 1958; 
Ley, Mayer and Harris, 1958; Cicala, D’Onofrio and Paolucci, 
1959; Dausset and Colombani, 1959; Weiner, 1960, and Hogman, 
Killander and Sjélin, 1960). 


With the exception of anti-K, twice reported (Fliickiger, Ricci and 
Usteri, 1955; Dausset and Colombani, 1959) all the auto-antibodies 
described in these papers have belonged to the Rh system: anti-e has 
occurred most frequently but anti-D, anti-c, anti-C and anti-E have all 
been identified, either singly or in combination. In at least two of the 
published cases (Weiner, Whitehead and Walkden, 1956; Speiser, 1957) 
adsorbed auto-antibody ‘“‘blocked”’ the corresponding antigen sites, E 
and D, respectively, on the erythrocytes, with the result that the cells 
appeared to be E-negative and D-negative when first tested, and the 
free antibody in the serum an iso-antibody rather than specific auto- 
antibody. 

Di Piero (1959) has recently reported a remarkable case where a child 
aged 4 years, suffering from auto-immune hemolytic anzmia, had free 
antibody in his serum, detectable by the antiglobulin method, which 
reacted with his father’s erythrocytes but which failed to react with 20 
other blood samples of known but varied antigenic constitution. 

The antibodies have not always had the typical characters of Rh 
antibodies, although having their specificity. Dacie and Cutbush (1954), 
for instance, noted that in one of their patients the antibody reacted 
with trypsinized cells only. Weiner (1958) used enzyme-treated cells 
suspended in albumin in the detection of antibodies in eluates, while 
recently, Whittingham, Jakobowicz and Simmons (1961) reported that 
an auto-antibody of anti-e specificity was demonstrable in eluates made 
from their patient’s erythrocytes but only by carrying out an antiglobulin 
test using trypsinized cells. 

Aside from the techniques necessary to demonstrate specific antibody 
components, the point arises whether the antibody is reacting strictly 
specifically or whether it is a cross-reacting antibody reacting preferen- 
tially with cells bearing a particular antigen or antigens. When 
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unidentified antibody components are present also, as they nearly always 
are, this point is certainly difficult to determine. 

In several cases, too, antibodies have been eluted off erythrocytes of 
a specificity not corresponding to the apparent genotype of the cells. 
Spielmann (1956) reported demonstrating anti-D activity in an eluate 
made from Rh-negative erythrocytes; in this case anti-D was also 
present in the serum. Meuli (1957) described four interesting examples 
in three of which anti-E, anti-C + anti-D, and anti-D, respectively, 
were present in the serum as apparent iso-antibodies and also identified 
in eluates. In the fourth case anti-E was eluted from cells of apparent 
R,R, genotype. Similar observations were reported by Fudenberg, 
Rosenfield and Wasserman (1958) in two cases. In their first case anti-E 
was demonstrated in an eluate (also containing anti-D) from CDe/cde 
cells and in the second case anti-D was demonstrated in an eluate of 
cde/cde cells. Fudenberg and his colleagues suggested that the anti- 
bodies perhaps reacted in reality with some basic Rh structure but might 
also develop some specificity demonstrable often only after suitable 
absorptions. 

Stratton and Renton (1958, p. 245) similarly described a case where 
an antibody of predominantly anti-C specificity was eluted from 
erythrocytes later shown to be of genotype cDE/cde. 

More recently, Hubinont and co-workers (1959) described how an 
antibody of apparent anti-E specificity was eluted repeatedly from cells 
of genotype cDe/cde. They concluded that the most likely cause for this 
was that the antibody was of a cross-reacting type. These observations 
are of great general interest. 


Incidence of Specific Antibodies. Hollander and Batschelet 
(1958) and Meuli (1957) have pointed out that the reported relative 
incidence of the different specific Rh antibodies corresponds well 
with the incidence of Rh antigens in the population, the e antigen 
being the commonest (present in approximately 98% of people). 

The incidence of specific warm auto-antibodies in auto-immune 
hemolytic anemia is still uncertain. For obvious reasons the 
interesting cases with specific antibodies present are reported and 
cases with “‘non-specific’? antibodies not reported. Statistics on 
this point are given by Crowley and Bouroncle (1955, 1956), 
Meuli (1957), Kissmeyer-Nielsen (1957b), van Loghem, van der 
Hart and Dorfmeier (1958), Dausset and Colombani (1959) and 
Weiner (1960), all of whom have reported on substantial series of 
patients. Combining all their figures together, there are 52 cases 
in which specific auto-antibodies were demonstrated out of a total 
of 152 patients investigated, an incidence of 34%. 

It is the author’s experience, too, that specific auto-antibodies 
can only be demonstrated in a minority of cases (e.g., in ten (30%) 
out of 33 personally studied cases (Table 28)). While it is true that 
some of the apparently ‘‘non-specific”’ antibodies may be mixtures 
of two or more antibodies, e.g., anti-e and anti-E, the author has 
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Table 28 


Incidence of Specific Auto-Antibodies in 33 Patients Suffering from Auto- 
Immune Hemolytic Anemia of the Warm-Antibody Type 


‘*Non-specific”’ antibodies 


23 patients 


‘*Non-specific”’ + specific antibodies = 9 patients 
‘**Non-specific’’ + anti-e (6) 
‘**Non-specific”” + anti-e + anti-c (3) 

Specific antibodies only 
Anti-e + anti-C see 1 patient 


Incidence of specific antibodies = 10 out of 33 patients (80%) 


generally failed to demonstrate this by absorption experiments. 
The evidence to date thus suggests that the antibody most 
frequently developed is a “‘non-specific’? one which is adsorbed 
more or less readily by all human erythrocytes. As previously men- 
tioned, Dacie and Cutbush (1954) showed that “‘non-specific”’ 
antibodies might, in some cases, consist of more than one com- 
ponent. The clinical, heematological and serological findings of a 
patient who formed an auto-antibody of anti-e specificity are given 
on p. 450. 

The exact nature of the apparently “‘non-specific”’ antibody or 
antibodies of acquired hemolytic anemia awaits elucidation. The 
fact that, even when specific auto-antibodies can be identified as 
Rh antibodies, unidentifiable “‘non-specific”’ antibodies are almost 
always present at the same time, suggests rather strongly that the 
latter type of antibody is also related to the Rh system and recalls 
the suggestion of Wiener, Gordon and Gallop (1953) of an antibody 
directed against the “nucleus of the Rh-Hr substance.”’ 


Weiner (1959, 1960) has criticized the concept of a ‘‘non-specific”’ 
or “‘unspecific’? antibody on the grounds that an antibody, if it is a 
true antibody, must have a corresponding “‘specific’’? antigen. He has 
made the suggestion, too, that ‘“‘non-specificity’’? might be explained on 
the basis that there may be in the Rh system, and possibly in other 
systems as well, antigens of extreme frequency (‘‘very public anti- 
gens’’) which are extremely unlikely to produce an iso-antibody as the 
result of transfusion but which might well produce an auto-antibody in 
acquired hemolytic anemia. This hypothesis is very near that of 
Wiener, Gordon and Gallop (1953). Clearly, the question as to whether 
an antigen of hypothetical extreme frequency should be called ‘‘non- 
specific’? or not is a matter of semantics. There seems to the present 
author, too, no inherent reason why an antigen common to the vast 
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majority of mankind should not be common to all mankind. ‘‘Non- 
specific”? is certainly a useful term and the present author will continue 
to use it to describe the reactions of the majority of warm antibodies of 
acquired hzemolytic anemia until their specificity is established. 


Case Report: “Idiopathic”? Auto-Immune Hemolytic Anemia of the 
Warm-Antibody Type; Specific Auto-Antibody (anti-e): Association 
with Syphilis 


Case 8. The patient, a man aged 77 years, was admitted into Ham- 
mersmith Hospital in August 1957 for investigation of anemia. He was 
known to have neurosyphilis, retinitis pigmentosa, aortic aneurisms and 
diabetes mellitus. He had become blind 4 years previously. Jaundice 
was first noted in May 1957 and anemia in June 1957. 

Physical Hxamination. He was found to be obese, and to be pale and 
jaundiced and to have cedema of the ankles. He had an enlarged heart 
and a basal ejection systolic murmur. The liver was palpable 5 cm. 
below the right costal margin; the spleen was not palpable. There were 
signs of optic atrophy and choroiditis with pigmentation. X-ray showed 
aneurisms of the arch and descending part of the aorta. 

Laboratory Investigations. The hemoglobin on admission was 5-6 g. 
per 100 ml., with 38% reticulocytes; total leucocytes, 6,000 per cu. 
mm.; platelets, 178,000 per cu. mm. Stained films showed a minor 
degree of auto-agglutination and much anisocytosis and polychromasia. 
Many markedly spherocytic cells were present (Fig. 142). The bone- 
marrow was hypercellular with erythropoiesis predominating: it was 
normoblastic in type. Erythrocyte osmotic fragility was markedly 
increased ; initial lysis, 0-709, NaCl; MCF, 00-5179 NaCl. The serum 
bilirubin was 3-0 mg. per 100 ml. 

Serology. The antiglobulin test was strongly positive (+ ++). The 
reaction was of the zoning type and inhibited by small amounts of y 
globulin added to the antiglobulin serum. His blood group was A rr 
(cde/cde). Serum contained an antibody which agglutinated trypsinized 
normal erythrocytes and also sensitized normal cells to agglutination by 
antiglobulin serum. This antibody had the specificity anti-e; that is to 
say, cde/cde and CDe/CDe cells were agglutinated but not cDE/cDE cells. 
Moreover, all antibody activity was removed by two absorptions with 
cde/cde or CDe/CDe cells, but not by cDE/cDE cells. An eluate was 
successfully prepared from the patient’s erythrocytes. cde/cde and 
CDe/CDe ceils were strongly sensitized by the eluate and cDE/cDE cells 
weakly sensitized. Absorption studies demonstrated that the major 
component was anti-e: the minor component was not identified; it 
could have been ‘‘ non-specific.” 

Further Studies, Course and Treatment. The patient’s erythrocytes 
were labelled with a tracer dose of °!Cr. The mean cell life-span was 
estimated to be approximately 5 days and a marked splenic uptake of 
chromium was demonstrated. 

He was treated with prednisolone, 40 mg. daily, with moderate 
benefit ; this enabled him to maintain a hemoglobin of 8-5—10-0 g. per 
100 ml., with 10-20% reticulocytes. A second *!Cr study showed that 
the erythrocyte life-span had been lengthened to 8 days (formerly 5 
days). The direct antiglobulin test remained, however, strongly positive. 
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In collaboration with Dr. P. L. Mollison a third test was carried out; 
this time the survival of normal group O CDe/CDe cells was measured 
by the Ashby method and that of group O cDE/cDE cells by the °1Cr 
technique. The mean cell life-span of the CDe/CDe cells was 9 days and 
the T3 54Cr of the cDE/cDE cells was 25 days, a normal result. This 
confirmed that the major, and clinically important, component of the 
auto-antibody had anti-e specificity. 

The patient died approximately 3 months after his first admission of 
cervical lymphadenitis and terminal bronchopneumonia. The hzmoly- 
tic process continued to be controlled by the prednisolone. 

At necropsy, the chief abnormalities found were: pulmonary cedema, 
pleural effusion and ascites, an aortic aneurism, enlargement of the 
liver and spleen and hypertrophy of the bone marrow, septic enlarged 
cervical lymph nodes and nodular hyperplasia of the prostate and 
hypertrophy of the bladder. 

Summary. An elderly patient suffering from neurosyphilis developed 
auto-immune hemolytic anemia. A major component of the auto- 
antibody had anti-e specificity. Hemolysis was controlled by pred- 
nisolone. Death resulted from septic lymphadenitis and broncho- 
pheumonia. 


DIFFERENCES BETWEEN AUTO-ANTIBODIES 
AND ISO-ANTIBODIES 


Many similarities in the behaviour in vitro of warm-type auto- 
antibodies and specific iso-antibodies, particularly anti-Rh, have 
been described in the preceding pages. Indeed, it cannot be 
doubted that not infrequently the auto-antibody acts at the same 
time as a specific iso-antibody. Nevertheless, taken as a group 
the auto-antibodies seem to be less homogeneous in their labora- 
tory characteristics than are iso-antibodies hike Rh: they appear 
more often to be more “‘imperfect”’ in respect of specificity and in 
their inability to coat normal unmodified erythrocytes. They may, 
too, have definite hzmolytic potencies (or be associated with 
additional hzemolytic factors) which Rh antibodies are not. These 
points and some others are summarized in Table 29. Sometimes 
the antibodies seem to have no normal counterparts amongst the 
iso-antibodies (e.g., Case 7). Other points of disimilarity are 
mentioned by Roth and Frumin (1954) (see p. 456) and by Pirofsky 
(1958) (see p. 453). 


Individual Differences and Multiplicity of the 
Auto-Antibodies 


Every worker who has investigated large series of patients 
suffering from auto-immune hemolytic anemia has been struck by 
the remarkable case-to-case variation in the in-vitro activity of 
the antibodies. This is abundantly clear if the literature on the 
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Table 29 


Comparison of Behaviour In Vitro of Warm Auto-Antibodies of Auto- 
Immune Hemolytic Anemia with Anti-Rh Iso-Antibodies 


Faun . Iso-antibodies 
Auto-antibodies (antic) 
Specificity Rh specificity demonstrable in | Strictly specific 
about one-third of cases: (? invariably) 
remainder ‘‘non-specific”’ 
Type Usually incomplete, rarely | Usually incomplete, 
agelutinin rarely agglutinin 
Multiplicity Frequently more than one | Occasionally more 
component than one com- 
ponent 
Agglutination of | Probably always Probably always 
trypsinized 
cells 
Sensitization to | Not always Almost always 
antiglobulin 
serum 
Lysis of trypsin- | Occasionally (? additional Never 
ized cells component) 


subject is studied in detail; it is implicit in some of the accounts 
given earlier in this chapter and needs no reiteration. Another 
feature that should be stressed, however, is the multiplicity of 
antibodies which may be found in a single patient at one time or 
another during the course of his illness. Dacie and Cutbush’s 
(1954) patient (their Case 4) in whose erythrocyte eluate four 
auto-antibody components were identified could be quoted as an 
extreme example of this. Another example in a rather different 
category was the patient described by Rosenthal, Komninos and 
Dameshek (1953) whose serum contained more than one anti- 
erythrocyte auto-antibody, lipoid-antigen antibodies giving a 
positive Kahn reaction, and heterophile antibodies acting on sheep 
cells. 


STUDIES OF ELUTED ANTIBODIES IN AUTO- 
IMMUNE HAEMOLYTIC ANAMIA 


Most of the decisive studies on the specificity of the warm auto- 
antibodies of acquired hemolytic anemia, referred to earlier in 
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this Chapter (p. 446), were made using preparations of eluted 
antibodies. These elutions have been carried out by methods of 
varying complexity and efficiency. Landsteiner’s useful and simple 
heat-elution method (Landsteiner and Miller, 1925) has to some 
extent been supplanted by more elegant, but also more time- 
consuming methods, e.g., those of Kidd (1949), Vos and Kelsall 
(1956), Greenwalt (1956), Weiner (1957) and van Loghem, Mendes 
de Leon and van der Hart (1957). Jensen (1959), who published 
an interesting comparative study of elution methods, concluded 
that although Landsteiner’s method was the quickest and gave 
relatively good eluates, those of Weiner and van Loghem, Mendes 
de Leon and van der Hart were the best of those tried, although 
more time-consuming. 

Aside from demonstrating the serological specificity, or lack of 
specificity, of the auto-antibodies, studies with eluates have 
provided data on their immunological specificity and also on the 
optimum temperature for antigen-antibody interaction. 


Komninos and Aksoy (1954) and Komninos and Désy (1955) studied 
29 eluates and made satisfactory high-titre antiglobulin sera in rabbits 
from some of them. These antisera cross-reacted with cells coated by 
anti-Rh; the eluted antibodies agglutinated trypsinized normal erythro- 
cytes and gave positive indirect antiglobulin tests, and were shown to 
react better with, and to be adsorbed better by, erythrocytes at 37° C. 
than at 22° C. or at 3° C. The titres at 3° C. were } or } those at 37° C. 

Roth and Frumin (1957) reported on studies made on 27 eluates 
derived from 17 patients with acquired hemolytic anemia. The speed 
of adsorption of the eluted antibodies by normal erythrocytes was found 
to be independent of the titre or blood type, but it could be varied by 
changes in the suspending medium and increased by the action of 
enzymes such as trypsin. Undiluted normal serum (or most samples of 
patients’ serum) was thought to inhibit coating of the test cells. 

Pirofsky (1958) made elutions by Kidd’s method from the erythro- 
cytes of four patients. The eluates acted as panagglutinins and were 
compared with the Rh antibody anti-D.’ It was claimed that whereas 
the mixing of anti-D with antiglobulin sera resulted in loss of potency 
of both the anti-D and antiglobulin antibody, the addition of eluted 
erythrocyte-coating material from _a patient with acquired hemolytic 
anemia did not do so until normal group-O Rh-negative cells were added 
to the mixture. Agglutination of the cells and loss of antiglobulin activity 
then occurred. It was suggested that by “coating” the erythrocyte sur- 
faces, the coating material was altered so as to expose y globulin groups 
not previously available for combination with antiglobulin antibody. 

Evans and Weiser (1957) studied eight eluates. All were as active at 
37° C. as at lower temperatures and five were more active. Three were 
considered, on the basis of the y-globulin neutralization test, not to be 
y globulins: they were the ones whose activity was not influenced by 
temperature changes within the range 5-87° C. 

Fudenberg, Barry and Dameshek (1958) reported on studies on 10 
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eluates, made from patients suffering from ‘“‘primary”’ or secondary 
acquired hzemolytic anzemia of the warm-antibody type. Antisera were 
made in rabbits against both types of eluates and comparable titres 
obtained. Moreover, erythrocytes ‘“‘coated”’ with either type of eluate 
were agglutinated by the antisera irrespective of whether the sera had 
been formed against an eluate derived from a “‘primary”’ or secondary 
case. Fudenberg, Barry and Dameshek were able to demonstrate an 
inverse correlation between the survival times in vivo of the patients’ 
erythrocytes and the quantity of ‘‘ coating substance” in the eluates, as 
determined by making serial dilutions of the eluate and using a constant 
amount of antiglobulin serum. They suggested that a quantitative 
estimation of the activity of the eluates provided a more reliable guide 
as to the degree to which the patients’ cells were sensitized by auto- 
antibody than an attempt to assess this directly by means of an anti- 
globulin reaction carried out on intact cells. Fudenberg and _ his 
colleagues also demonstrated by a precipitation-inhibition technique 
that the eluates did in fact contain y globulin, and they showed that 
only a small proportion of the nitrogen present in the eluates reacted 
with antiglobulin serum, 2.e., was clearly antibody nitrogen. The nature 
of the non-reacting material was not elucidated, but it was suggested 
that its non-reactivity could have been due either to loss of immuno- 
logical reactibility during the elution or to the non-reacting material 
not being antibody at all. 

Chaplin and Cassell (1958, 1960) and Cassell and Chaplin (1960) have 
more recently published further studies of antiglobulin sera prepared 
against eluted Rh antibody and eluted auto-antibodies derived from 
cases of “primary”? or secondary acquired hemolytic anemia. These 
antisera were compared with conventional antiglobulin sera prepared 
against whole human serum or its globulin fractions. Erythrocytes from 
70 patients suffering from various types of acquired hemolytic anemia 
were used as test cells. The wide variety of reaction patterns obtained 
has already been described (p. 418). This work, however, also confirmed 
the broad cross-reactivity of sera prepared against eluted antibodies 
derived from “‘primary”’ and secondary cases of acquired hemolytic 
anemia and against anti-D iso-antibody, respectively. For instance, 
the antiserum prepared against eluted anti-D reacted with all the cells 
tested including cells sensitized with the ‘‘incomplete” cold antibody 
found in normal serum or the Donath-Landsteiner antibody. Chaplin 
and Cassell were also able to prepare antisera against eluates devoid of 
antibody activity demonstrable in vitro, and even against stroma 
derived from strictly normal erythrocytes, which, it is interesting to 
note, on other evidence are thought normally to have trace amounts of 
protein adherent to, or exposed on, their surfaces (cf., Stratton and 
Richardson Jones, 1955). The specificity of these antisera was similarly 
wide. 

Konda and Yamada (1960) reported on studies carried out on three 
patients with auto-immune heemolytic anemia. Eluates were made and 
subjected to immuno-electrophoretic analysis. Two of the eluates gave 
detectable arcs in the region of normal y globulin; these arcs were 
thought to be nearer the cathode than normal y globulin or the arc 
produced by eluted anti-D. They, nevertheless, demonstrated that the 
eluates would absorb from antiglobulin serum components reacting with 
normal serum and anti-D antibody. 
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Transference of Antibody from Cell to Cell In Vitro 


It will be recalled that Selwyn and Hackett (1949) demonstrated that 
when auto-antibody-coated erythrocytes were transfused to normal 
recipients some of the antibody became transferred to the normal cells 
so that they, too, gave a positive antiglobulin reaction. The same 
process can be demonstrated in vitro. Evans (1955) and Evans and 
Weiser (1957) were able to show in five out of six experiments that anti- 
body from patients’ cells would transfer to normal cells. They pointed 
out that every patient’s antigen-antibody reaction must have a dis- 
sociation constant and that this in all probability varied greatly from 
ease to case. The ability of antibody to dissociate from antigen is clearly 
one factor relevant to the occurrence of free antibody in patients’ sera. 


Effect of Temperature, pH and Heat-Inactivation on the Activity 
In Vitro of Warm Antibodies 


Some experiments carried out on eluted antibodies to ascertain the 
effect of temperature on their adsorption by normal erythrocytes have 
been mentioned in the preceding pages (p. 453). Schubothe (1958) made 
similar observations, using serum containing free auto-antibody: in 
three instances the thermal optimum (40° C.) was the same as that for 
anti-D but in two other cases the optimum was 10—20° C. The pH- 
binding curve for antibody showed a general increase as the pH was 
reduced from 9 to 6, exactly as found with anti-D. It will be recalled 
that Gardner (1949) reported that acidifying patients’ serum to pH 
6-5-6-7 increased the chances of demonstrating agglutination of normal 
erythrocytes or the patients’ own erythrocytes (see p. 415). 

Dacie (1958a) similarly studied the effect of acidification to approxi- 
mately pH 6-5 on indirect antiglobulin tests; whereas marked increases 
in agglutination were often observed with cells sensitized with cold 
antibodies, the effect with warm antibodies was less marked and might 
not be discernible. The enhancing effect that reduction in pH may have 
on the agglutination of trypsinized cells is illustrated in Table 28. Evans 
and Weiser (1957) reported on more detailed studies. Observations on 
the effect of lowering pH from 8-0 to 6-6 were made on 17 sera in which 
free auto-antibodies were demonstrable and on 12 antibody-containing 
eluates. In only one serum did change in pH enhance significantly the 
sensitization of cells suspended in it; in this instance senzitization at 
pH 7-4 was greater than at pH 8-0 or 6-6. In no instance was spon- 
taneous agglutination of cells in serum at pH 6-6 observed, as was 
reported by Gardner (1949). These discrepant results appear to under- 
line the marked patient-to-patient differences which exist. The effect 
of pH on the hemolytic activity of warm antibodies has already been 
discussed (p. 412). 

Dacie (1953a) showed that heating patients’ serum to 56° C. for 30 
minutes did not affect its power of sensitizing normal cells to agglutina- 
tion by antiglobulin serum. Schubothe (1958) confirmed these observa- 
tions; he reported, however, that antibody activity was reduced if the 
temperature was raised to 60° C. He also studied the time needed for 
the binding on of auto-antibody to normal cells; some binding was 
demonstrated in 1 minute and almost maximal binding in 10 minutes; 
the results were the same with anti-D iso-antibody. 
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Effect of Heparin on Antibody Activity In Vitro 


Roth (1954) reported on experiments carried out on blood samples 
from three patients with acquired hzemolytic anemia which appeared 
to show that heparin, if present in sufficient concentration, interfered 
in some way with the agglutination of normal cells by the patients’ 
serum or the agglutination of the patients’ sensitized cells by anti- 
globulin serum. No such effect was demonstrable with Rh antibodies or 
with the sensitized erythrocytes of infants with hzmolytic disease of 
the newborn. Roth and Frumin (1954) also experimented with prota- 
mine which they found agglutinated antibody-coated cells. Again, 
differences in behaviour were demonstrated between auto-antibodies 
and the iso-antibody anti-D. This interesting subject deserves further 
study. 


Factors in Normal Human Serum Agéslutinating and/or 
Lysing Enzyme-Treated Erythrocytes at 37° C. 


Rosenthal and Schwartz (1951) reported that normal sera often 
had the property of agglutinating trypsinized erythrocytes at 
37° C. if agglutination was looked for by immediate centrifugation. 
They also reported that this type of agglutination disappeared 
(reversed) on incubation. Their observations were confirmed and 
extended by Spaet and Ostrom (1952), who showed that reversal 
of agglutination was accompanied by elution of the agglutinin and 
that this took place more rapidly in serum than in saline. The 
nature of the ageglutinating factor is still obscure: it appears to be 
distinct from the normal serum trypsin inhibitor and components 
of complement (Coffield and Spaet, 1959). 


Another obscure entity is the material adsorbed by trypsinized cells 
at 37° C. from most if not all normal sera which renders them aggluti- 
nable by antiglobulin serum. This factor was referred to by Jankovié 
(1954) as an “incomplete warm antibody.” Evans (1955), too, has 
reported analogous observations; he stressed that weak positive indirect 
antiglobulin tests may be obtained with normal erythrocytes suspended 
at 37° C. in some normal sera which appear unrelated to their possible 
content of “incomplete” cold antibody (see also Stratton and Richard- 
son Jones, 1955). Delage (1958) has more recently published further 
observations along the same lines. Positive antiglobulin reactions were 
obtained when normal erythrocytes at concentrations of less than 10% 
were incubated at 37° C. in strong concentrations of autologous or 
compatible homologous serum for periods of from 2 to 5 hours. The 
results were negative at 1 hour and the strongest agglutination occurred 
in high concentrations of potent antiglobulin serum. The results were 
uniformly negative using neonatal serum but positive with the serum 
of 14 or 16 months old babies. The reaction was abolished by pre- 
heating the serum to 56° C. for 30 minutes; anticoagulants were also 
inhibitory. 

Auto-agglutinins active against papainized erythrocytes at 37° C. 
have also been described in the sera of apparently normal subjects 
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(Stratton and Renton, 1958, p. 46; Whittingham, Lowy and Lind, 
1961), and an account of three sera containing an agglutinin for albumin- 
suspended cells, but not demonstrable by any other technique was given 
by Weiner and his colleagues (1956). A further example of the latter 
type of agglutinin was referred to by Marsh and Jenkins (1961). 


These ill-understood factors which lead to the agglutination of 
trypsinized or papainized cells or weak sensitization to anti- 
globulin serum or agglutination in albumin may be confused with 
the abnormal auto-antibodies of auto-immune hemolytic anemia 
and it is important to be aware of their existence. 

The reversibility of the agglutination produced by the factor of 
Rosenthal and Schwartz is an important distinguishing point in 
relation to this particular factor. However, it may rarely be 
present at high titres and it can then cause hemolysis which 
naturally cannot be reversed. An instance of this was reported by 
Hurley and Dacie (1953) who studied the serum of a patient in 
complete hematological remission after treatment for pernicious 
anemia. Her serum rapidly lysed trypsinized normal erythrocytes 
at 87° C.; the lytic factor appeared to be relatively thermolabile 
and was active only between a narrow pH range, pH 6-6-8:°5. 
When heat-inactivated, the serum could be shown to contain large 
amounts of reversible agglutinin. 


Antilytic Effect of Normal Serum 


Dameshek and Schwartz (1938) and Farrar, Burnett and Steigman 
(1940) reported that normal serum was capable of neutralizing hemoly- 
sins present in the sera of the patients they studied. The significance 
of these observations is uncertain. The author has not observed any 
major degree of inhibition by normal serum of the lysis of trypsinized 
corpuscles by warm antibodies; the sera have in fact been titrated using 
fresh normal human serum as diluent. 

There are also a few references in the literature to normal human 
serum inhibiting agglutination. 

Denys and van den Broucke (1947) reported that the sensitization 
of normal erythrocytes to agglutination by antiglobulin serum after 
exposure to their patients’ serum was slightly diminished by the 
presence of normal serum. A more remarkable instance was referred to 
by Martin du Pan (1948). An auto-agglutinin was present in the serum 
of a patient suffering from subacute acquired hzmolytic anemia which 
agglutinated group-O cells and autologous cells at 37° C. The serum of 
many normal subjects was found to inhibit the agglutination and after 
a transfusion of normal serum it was found possible to select erythro- 
cytes which were no longer agglutinated in vitro and to transfuse them 
to the patient. 

Roth and Frumin (1957) likewise reported that undiluted normal 
serum might inhibit the sensitization of normal erythrocytes by eluted 
auto-antibodies. These interesting phenomena deserve further study. 
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Acquired Hemolytic Aneema due to anti-Tn 


Moreau and co-workers (1957) and Dausset, Moulec and Bernard 
(1959) described the occurrence in a male aged 65 of hemolytic anemia 
of a most unusual type and of at least 12 years’ duration. This patient’s 
erythrocytes were polyagglutinable, that is to say, they underwent 
agglutination in all of a large number of adult sera tested, but not in 
neonatal sera. There was reason to believe that the serum factor was 
reacting with an antigen, designated Tn, which was distinct from T or 
H, and that anti-Tn was distinct from anti-T. The patient’s serum 
failed to agglutinate his own cells directly but did so if the cells were 
trypsinized ; it was concluded therefore that his serum contained a large 
amount of incomplete anti-Tn. In addition, the serum was thought to 
contain a non-specific factor acting feebly on all human erythrocytes, 
incomplete anti-E, and anti-platelet and anti-leucocyte iso-antibodies. 


SEROLOGY OF AUTO-IMMUNE HAMOLYTIC ANAMIA 
OF THE COLD-ANTIBODY TYPE 


Autohemagglutination of chilled blood was first described by 
Landsteiner in 1903 as occurring in various mammalian species, 
and Clough and Richter (1918) are usually quoted as being the 
first to report on a raised content of auto-agglutinin in a human 
serum (possibly from a patient with virus pneumonia) and to 
measure the titre. Mino (1924) introduced the term “panhzm- 
agglutinin’? and Amzel and Hirszfeld (1925) the phrase “cold 
agglutination.’ The clinical significance of cold agglutination and 
a raised titre of cold agglutinins have since been extensively 
studied and have been the subject of numerous reviews (e.g., 
Bonnard, 1933; Rosenthal and Corten, 1937; Young, 1946; 
Savonen, 1948; Benhamou, Zermati and Assus, 1948; Hennemann, 
1951; Schubothe, 1958). The earlier reports stressed the associa- 
tion of auto-agglutination and/or cold agglutination with a wide 
range of pathological processes, but liver disease (Wyschegorod- 
zewa, 1926; Debenedetti, 1929), pregnancy (Kligler, 1922), 
pernicious anemia (Koepplin, 1935-386) and hemolytic anemia 
(Rosenthal and Corten, 1937) were most frequently mentioned. 
In more recent years it has been the association between raised 
titres of cold agglutinins and hemolytic anzmias, following virus 
pneumonia or of unknown causation (“idiopathic’’), or in associa- 
tion with malignant disease of the lymphoreticular system, which 
has received the most attention. 

In the following account it is the behaviour in vitro of the cold 
antibodies associated with “idiopathic”? hemolytic anzemia which 
will be discussed; that of the antibodies found in the secondary 
hemolytic anzemias will be dealt with in later Chapters. 
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The distinction between pathological cold auto-antibodies and 
normally-occurring cold iso-antibodies is less clear than with the 
warm antibodies already discussed. Cold auto-agglutinins are in 
fact normally present in most if not in all human sera, although 
sometimes only in traces; and it is their presence in high concen- 
trations and their power to act in vitro (and in vivo) at unusually 
high temperatures which converts a harmless normal “auto- 
antibody” into a pathological one of clinical significance. As will 
be discussed in detail later (p. 491), there is no reason to doubt, 
as yet, the conclusion of Mino (1924) that cold auto-agglutinins 
are panagglutinins and act on all human erythrocytes as well as 
on the cells of certain animal species. There are, however, wide 
differences in the sensitivity of human cells towards agglutination 
by the antibodies and some interesting facts about this have 
recently come to light. 

In the following sections some publications which occupy a key 
position in the unfolding of knowledge concerning the relationship 
between high-titre cold antibodies and hemolytic aneemias will be 
referred to, and this will be followed by a description of the in- 
vitro behaviour of the antibodies. The fact that the antibodies are 
potentially haemolytic and also produce positive antiglobulin 
reactions has only been appreciated within the last 10 years. The 
development of knowledge in this field will be traced separately. 


Cold Ag¢glutinins in Hemolytic Anzemia 


The early literature was reviewed by Dameshek and Schwartz 
(1940) and by Stats and Wasserman (1943). Many of the earlier 
_ authors were in doubt as to the significance of their observations, 
and even as late as 1943 Stats and Wasserman concluded that the 
“accumulated evidence favours the view that cold hemagglutina- 
tion in these cases of hemolytic anemia is not the cause but may be 
the result of the anemia.”” However, they added that the presence 
of hemagglutination and hemolysis in vive might be associated 
pathogenetically in the acute hemolytic anzmias following virus 
pneumonia which were just being recognized at about the time 
their review was published. 

Most of the early reports lack data on agglutinin titres: however, 
McCombs and McElroy (1937) recorded a titre of 1024 at 10° C. 
and 8 at 27° C. Stats’s (1945) paper is important for he stressed 
how easily the slightest manipulation of strong suspensions of 
agglutinated cells in vitro caused lysis and how if the cell suspen- 
sions used were less than 4°% in concentration artefactual lysis 
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could be avoided. He mentioned a serum with a titre at 4° C. as 
high as 30,000. Heilmeyer, Hahn and Schubothe (1947) recorded 
a still higher titre, 131,072! and noted that the upper limit of the 
antibody’s activity was 33° C. Later, Heilmeyer and Schubothe 
(1948) reported that with three sera in-vitro agglutination actually 
took place at 37° C. 


Johnsson (1949), too, reported an instance of cold agglutination 
stretching up to 37° C. His case was a remarkable one. The patient, 
who was suffering from anzemia of unknown causation, had a serum 
which was shown to agglutinate each of 80 blood samples to titres of 
32,000 at 2° C. and 2,000 at 37° C. The patient’s own erythrocytes, too, 
were also strongly agglutinated, although they were far less sensitive, 
the titre at 37° C. being 8. | 

Ferriman and co-workers (1951) described three patients suffering 
from the cold-hemagglutinin disease; their antibody titres were 
32,000—128,000 at 2—5° C. with the upper thermal limit for the anti- 
bodies’ activity 29-31° C. Dacie and de Gruchy (1951) illustrated the 
effect of temperature on agglutinability in 11 cases where the cold- 
agglutinin titre at 2° C. exceeded 256. 

Rorvik (1954) recorded a serum with an exceptionally high titre, 
168,000,000! The possibility of ‘“‘carry over” of serum in carrying out 
the titration must, however, be considered in this case. There is little 
doubt, however, that titres stretching up towards the million mark have 
to be considered as possibilities; nevertheless, the maximum titres 
achieved by most patients fall in the range 8,000—64,000. 

Mortara and Martinetti’s (1955) report is of particular interest 
because this contains a reference to the relative inagglutinability of 
neonatal erythrocytes. (The problem of differences in the agglutin- 
ability of different samples of human cells and the species specificity of 
the antibodies is discussed on p. 487.) Pisciotta (1955) described the 
effect of albumin and trypsinization of the erythrocytes in raising the 
thermal range of cold antibodies and in the case of trypsin in increasing 
the titres at 3° C. Lastly, in Schubothe’s (1958) monograph are to be 
found further details on the effect of temperature, pH—which has little 
effect within the range pH 6-9, and speed of adsorption of antibody, 
which is almost instantaneous. The antibodies are stable at 55° C. but 
the titres are reduced if the temperature is raised to 60° C. The use of 
albumin as diluent and trypsinization of the test cells were found by 
Schubothe to increase the titre at 0° C. fourfold. 


With some sera agglutinated cells have an annoying habit of 
adhering to the glass or plastic surface of the container as well as 
to each other. According to Boyd and McMaster (1959), this is 
due to the agglutinins being adsorbed to the walls of the tubes or 
plates in which the titrations are being carried out. 


Cold-Agglutinin Titres in Normal Serum 


In health, the cold-agglutinin titres range from < 2 to 64. Savonen 
(1948), who investigated 487 normal subjects, found titres of 32 or 
above in only 4:5%. Jankovié (1955) recorded the result of cold- 
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agglutinin titrations carried out on the sera of 100 adult blood donors 
and of 100 patients not suffering from blood diseases. In two only of 
the 100 normal sera did the cold-agglutinin titre reach 64, but if trypsin- 
ized cells were used the normal range extended to 512. Three of the 
patients’ sera gave titres of 256 with normal cells, which were extended 
to 2,048 when trypsinized cells were used. No zoning was observed with 
the normal cells but this was not uncommon with the trypsinized cells 
and in ten cases it was very marked. 

Technical details which affect the results of titrations were given by 
Kettel (1929), Finland, Samper and Barnes (1945), Savonen (1948), 
Ellenhorn and Weiner (1953) and Schubothe (1958). 


Cold Hemolysins in Hemolytic Anzemia 


It is now realized that high-titre cold antibodies are potentially 
lytic and that with most antibodies lysis can be regularly demon- 
strated in vitro under suitable circumstances. 

Dacie (1950a) reviewed the early literature on lysis produced by 
sera containing high-titre cold agglutinins. The accounts up to 
that time were somewhat unsatisfactory, being incomplete and the 
results inconstant, and the possibility of artefactual lysis due to 
working with too strong concentrations of erythrocytes, as stressed 
by Stats (1945), cannot, in some instances at least, be excluded. 
Salén’s (1935) lysin was, for instance, said not to require comple- 
ment. Stats and Wasserman (1943) even doubted the very 
existence of cold hemolysins (other than the Donath-Landsteiner 
antibody). | 

Dacie (1950a), working with seven sera containing high-titre 
cold agglutinins, was able to show that each serum would cause 
the lysis of normal erythrocytes if the serum was suitably acidified 
‘beforehand; the optimum pH was found to be in the range 6-5- 
7-0, and more antibody was shown to be adsorbed progressively 
from pH 8-2 to 5-8. Without complement no lysis took place, and 
complement also seemed to be required for adsorption of the 
antibody at a low temperature as well as for bringing about actual 
lysis. Paroxysmal nocturnal hemoglobinuria (PNH) erythrocytes 
were shown to be extremely sensitive to lysis by the sera, much 
more so than normal cells. Lysis readily occurred at room tem- 
perature (20° C.) and allowing the preparation to stand at this 
temperature was found to be more satisfactory than carrying out 
the cold-warm procedure of the standard Donath-Landsteiner 
test. 


‘‘Acid hemolysins”’ in sera containing high-titre cold agglutinins have 
subsequently been reported from many other laboratories, e.g., by 
Matthes and Schubothe (1951), van Loghem and co-workers (1952), 


462 ‘*TproPpATHIC”’ TyPE: SEROLOGY 


Marcolongo (1953), Schubothe (1953), Bonnin (1954), Krauter and 
Rieder (1957), Pisciotta and Hinz (1957), Dausset, Colombani and 
Evelin (1957), Schubothe (1958), van Loghem, van der Hart and 
Dorfmeier (1958) and Dausset and Colombani (1959). 

Further observations from the author’s laboratory were reported by 
Ferriman and co-workers (1951), and Dacie (1954a, p. 250, 1955b, 1957). 
‘Ferriman and his co-workers pointed out that the serum of their Case I 
was unusual in that lysis of normal erythrocytes took place without it 
being necessary to acidify the serum; lysis was, however, increased by 
acidification. Dacie (1954a, p. 251) mentioned another case in which 
slightly more lysis took place in unacidified serum (pH 8-0) than in 
serum acidified to pH 6-5, and a similar observation was made by 
Bonnin (1954). Dacie (1955b) in a paper in which the behaviour of the 
‘‘acid-hemolysins”’ in sera from patients with the cold-hemagglutinin 
disease and virus pneumonia, respectively, were compared with the 
Donath-Landsteiner antibody, demonstrated how individual sera varied 
in their ability to cause lysis of normal and PNH erythrocytes, in the 
thermal range of antibody activity and in the differing effects pH had 
on lysis. Further observations of the author are summarized on p. 468. 

Schubothe (1958) has also published detailed descriptions of the 
in-vitro behaviour of ‘‘monothermische! Kaéaltehimolysine.”’ He illus- 
trated the effect of temperature on lysis, maximum between 20—25° C., 
optimum 22° C., and stressed that the range, 12-:5-32° C., depends upon 
the joint effect of temperature on amboceptor and complement. He 
illustrated, too, the progressive binding on of antibody as the pH is 
lowered from 9 to 6, and also time-lysis curves: lysis is rapid; most 
occurs within 10 minutes but the maximum is not reached for 60 
minutes. Schobothe also found, if lysis was carried out in two stages, 
that fresh complement-containing serum was not essential in the first 
(cold) stage (cf., the Donath-Landsteiner antibody, p. 553); more lysis, 
however, occurred if active complement was present throughout. 


‘‘Incomplete”’ Cold Antibodies 


Dacie (1950b) reported that an apparently “incomplete” type 
of antibody could be demonstrated to be present in many, if not 
in all, normal sera by means of the antiglobulin reaction. He 
showed that normal erythrocytes exposed to chilled serum would 
subsequently undergo agglutination in strong concentrations of 
antiglobulin serum, and that the agglutinable material adsorbed to 
the cell surface resisted elution even if the corpuscles were 
repeatedly washed in saline at 37° C. He also showed that the 
antibodies could only be detected in fresh serum and that the 
presence of anticoagulants, as well as heat-inactivation, prevented 
sensitization. Later, Ferriman and his co-workers (1951) reported 
that strong direct and indirect antiglobulin reactions, suggestive 
of the presence of “incomplete” cold antibodies, could readily be 


1 The Donath-Landsteiner antibody is often referred to in Continental 
literature as a “‘bithermische Haémolysine.”’ 
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obtained using the erythrocytes or serum of patients suffering from 
the cold-hemagglutinin disease. Dacie (1951) demonstrated 
that the reaction between antiglobulin serum and cells sensitized 
by ‘“‘incomplete”’ cold antibodies persisted even if relatively large 
amounts of human y globulin were first added to the antiglobulin 
serum. 

“Incomplete” cold antibodies were next reported from Ger- 
many, Schubothe and Matthes (1951) describing positive direct 
and indirect antiglobulin reactions in two patients suffering from 
the cold-hemagglutinin disease whose sera contained high-titre 
cold antibodies. 

The nature of the “‘non-y” antiglobulin reaction was considered 
by Dacie (1951) and it was concluded on the basis of the evidence 
then available that “incomplete” cold antibodies were either not 
y globulins or that the antiglobulin serum was reacting with a 
component of fresh serum (not a y globulin) adsorbed with the 
antibody. It is now clear that the second explanation is correct 
and that the phenomenon of the “‘incomplete” cold antibody is, 
at least in relation to the high-titre cold auto-antibodies of acquired 
hemolytic anemia, an artefact. Agglutination is in fact caused by 
the interaction of components in the antiglobulin serum with 
complement adsorbed to the erythrocytes in association with the 
cold (and potentially hemolytic) antibody; it does not seem to be 
due to any interaction between the antiglobulin serum and a 
distinct and separate “incomplete” form of cold antibody (Dacie, 
Crookston and Christenson, 1957, 1958). 

As well as being susceptible to experimental proof, the comple- 
ment concept provides an explanation for the several puzzling 
features in the cold-antibody (or complement) antiglobulin reaction ; 
for instance, the thermolability of “incomplete” cold antibodies, 
the inhibiting effect of anticoagulants, the pattern of reaction with 
diluted antiglobulin serum, the failure of added y globulin to 
inhibit the antiglobulin reaction and the failure of the attempts 
that have been made to elute “incomplete” cold antibodies (e.g., 
by Vaughan, 1956; Evans and Weiser, 1957 and Fudenberg, Barry 
and Dameshek, 1958). 

Dacie, Crookston and Christenson (1957, 1958) concluded that 
complement played two roles in the sensitization of erythrocytes 
by cold antibodies to agglutination by antiglobulin serum: first, 
its presence allowed firm fixation of antibody on to the cells in the 
cold so that the adsorbed complement-amboceptor complex was 
not eluted (at room temperature or 37° C.) during the washing of 
the cells before the actual agglutination test was carried out, and 
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secondly, a sub-lytic concentration of complement was the protein 
with which the antiglobulin serum reacted. 

The “‘Complement Antiglobulin Test.”’ The exact fractions 
of complement involved in the agglutination of complement- 
coated erythrocytes and antiglobulin serum have received close 
study. Dacie, Crookston and Christenson (1957, 1958) showed that 
both thermolabile and thermostable components had to be present 
for agglutination to take place, but that C’3 was not required. 
They did not attempt to differentiate between the role of C’1 and 
c= 


Gandini (1959), in confirming that the so-called non-y-globulin 
reaction was brought about by complement or complement components 
reacting with specific fractions of antiglobulin serum, showed in addition 
that the reaction would occur in the absence of C’2. Rosenfield, Haber 
and Gilbert (1960) likewise confirmed the role of complement in the 
antiglobulin reaction given by erythrocytes sensitized by cold auto- 
antibodies or anti-Le*, and by sheep cells exposed to human comple- 
ment, and introduced the term ‘‘complement antiglobulin test.’ The 
above types of sensitized cells were also shown to be readily agglutinated 
by specific anticomplement sera even after the sera had been absorbed 
with human y globulin. 

Pondman and co-workers (1960) reported on further studies. They 
concluded that the antiglobulin agglutination of erythrocytes coated 
with antibody + complement (EAC’) is associated with formation of 
EAC’1,4,2, is independent of the decay of bound C’2 and C’4, and is 
associated with the EAC’1,4 intermediate complex. By using comple- 
ment fractions derived from different animal sources, it could be shown 
that the actual agelutinogen of EAC’1,4 resides in the bound 4th com- 
ponent. They thus confirmed that C’2 is not necessary for the reaction 
and that agglutination can take place with the C’1,4 complex alone, and 
that the C’4 acts as the agglutinogen. They also concluded that for 
antiglobulin agglutination it was not necessary for hemolytically- 
active bound C’ to be present but that it could occur (and perhaps only 
occurred) with EAC’1,4 which had decayed. Jenkins, Polley and 
Mollison (1960) came to the same conclusion, namely, that the anti- 
globulin serum reacted with bound C’4 and that C’2 was not necessary 
for the reaction. They also identified the antibody in antiglobulin . 
serum which reacted with the bound complement as an anti-f, globulin. 


Personal Observations 


Sixteen patients suffering from the cold-hemagglutinin disease 
have been studied in the last 10 years or so, in addition to 
four others with “idiopathic”? auto-immune hemolytic anzmia of 
the cold-antibody type who seem to have suffered from a rather 
different syndrome. The findings in the groups will be considered 
separately and contrasted. Serological observations made on 
patients suffering from secondary hemolytic anzmia (7.e., the 
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post-virus pneumonia cases and a miscellaneous group mostly 
with underlying reticulosarcoma) or from paroxysmal cold hzemo- 
globinuria are dealt with in subsequent Chapters. 


I. The Cold-Hemagglutinin Disease 


Direct Antiglobulin Reaction. This has been positive in 
every case, even when care has been taken to avoid chilling the 
blood tin vitro by delivering venous blood taken into a warmed 
syringe directly into saline kept at 37° C. The reactions have all 
been of the non-y type, little or no inhibition of agglutination 
being produced by the prior addition of y globulin to the anti- 
globulin serum (Table 20, p. 480). In recent years, anti-y and 
anti-non-y antiglobulin sera have also been used; typically, the 
anti-non-y serum has uniformly given strong agglutination and the 
anti-y serum no agglutination (Table 30, see also p. 483). 


Table 30 
Antiglobulin Reactions in a Case of the Cold-Hemagglutinin Disease 


Dilutions of antiglobulin serum 


Type of 
antiglobulin 
serum Control 
lin 4 1inl6 tlin64 1in256 (saline) 
Anti-whole serum oe oe ty ae = 
Anti-y globulin = = = a “a 
Anti-non-y globulin +++ ae ii ae ie 


+++ denotes strong naked-eye agglutination, ++, + and + lesser 
degrees of aglutination; — denotes no agglutination. 


Cold-Agslutinin Titre. The titrations have been carried out 
using normal group-O cells of moderately great agglutinability. 
As far as possible the cells have been obtained from the same donor 
and they have been used the same day or after being kept for not 
more than 48 hours in ACD at 4° C. The titres observed are 
recorded in Table 31; these have ranged (at 2—4° C.) from 1,024 to 
512,000. The fall off in titre on rise in temperature has been a 
variable feature and has not run strictly parallel from case to case. 
There was usually, however, striking loss of activity as the tem- 
perature was raised above 20° C., and the upper thermal limit for 
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the detection of definite agglutination in vitro (using normal cells, 
not the patient’s cells) has ranged from 25° to 87° C.; in most 
instances this has centred around 30—82° C. In one patient (Case 
10) there was marked agglutination at 37° C., using undiluted 


° 
C 
Fic. 148. The relationship between temperature and cold-agglutinin 


titre: 

Diagonally ruled squares = cases of auto-immune hemolytic 
anemia of the “idiopathic” cold-antibody type. 

Filled-in squares = cases of hemolytic anemia of cold-anti- 
body type following virus pneumonia. 


serum—the patient’s own erythrocytes were, however, not aggluti- 
nated. The effect of temperature on agglutination is illustrated 
in Fig. 148. 

Variation in pH between the range 8-5 to 6-0 made little differ- 
ence to the agglutinin titre. However, with most sera, the intensity 
of agglutination in undiluted serum was reduced by acidification 
to pH 6-5-6:8, 
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Trypsinized erythrocytes have also been employed for the 
titrations. Without exception, the titres recorded have been 
greater, usually by a factor of 4 to 16 at room temperature, and 
the thermal limit for detectable agglutination has been raised; in 
five instances trypsinized cells were agglutinated at 37° C. The 
effect of using trypsinized cells for titrations at 2-4° C. has been 
less marked, but usually the titres have been greater by a factor 
of 2 or 4. 

Titrations with Autogenous Cells. The patients’ own erythrocytes 
have not been used routinely for titrations. However, data from 
four cases are given in Table 32, and it is interesting to note that 
in every case the patient’s own cells were less agglutinable than 
the normal cells with which they were compared. The upper ther- 
mal limit was also lower using the patient’s cells. Possibly this 
is due to the most sensitive cells, z.e., the cells which are acted on 
by the antibody at a relatively high temperature, being continually 
removed from the circulation in vivo, leaving a selected and 
relatively resistant population. In Case 10 (E. W., Table 32), the 
relative resistance of the patient’s cells was probably of great im- 
portance clinically, for normal cells were definitely and strongly 
agglutinated by her serum at 37° C. 


Lytic Activity of the Antibodies 


I. Lysis of Normal Erythrocytes. This has been assessed in 
several ways: (1) by testing the ability of the patient’s serum 
(diluted usually with one to four volumes of normal serum) to 
lyse a one-tenth volume of a 50° suspension of normal cells at 
various temperatures, usually 20—22° C., 30° C. and 37° C., the 
serum mixture being used unacidified or acidified with a one-tenth 
volume of 0-2 N-HCl to a pH of approximately 6-8; (2) by titrating 
the patient’s serum in a conventional way using fresh normal 
compatible human serum as diluent, with and without prior 
acidification, and adding to the serum dilutions an equal volume 
of a 4% suspension of normal erythrocytes. The former is the 
more sensitive method, for by not adding an equal volume of cell 
suspension a higher concentration of complement is maintained. 
The results of these tests are summarized in Table 31. 

It was possible to demonstrate some lysis at 20-22° C. with 
every sera tested. More often than not acidification of the serum 
was necessary for lysis to develop but in six instances a lesser 
degree, and in two instances an almost maximal degree, of lysis 
occurred in unacidified serum. Several sera were able to bring 
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about lysis at 30° C.; one readily produced lysis at 37° C., with or 
without acidification (Table 31), and another (Case 14 of Dacie, 
1954a) caused a trace of lysis at 37° C. but only if the serum was 
acidified. There is as a rule a fairly close relationship between the 
upper thermal limit for agglutination and for lysis using normal 
cells. 

Effect of pH. The adsorption of a typical ‘“‘acid hemolysin” 
increases steadily as the pH falls, at any rate as far as pH 5-8, and 


Fic. 149. The effect of pH on the hemolysis of normal erythrocytes 
by a high-titre cold antibody. 


A = effect on observed hemolysis; B = effect on the adsorp- 
tion of the ‘‘hamolysin”’; C = effect on the action of human 
serum complement. 


at pH 8-0, approximately the natural pH of serum collected with- 
out regard to loss of carbon dioxide, little or no adsorption appears 
to take place. This is illustrated in Fig. 149. Nevertheless, if a 
pH-lysis curve is constructed, it will be found that little or no lysis 
takes place below pH 6. This is apparently due to inhibition of the 
lytic action of complement below pH 6, as is also demonstrated 
in Fig. 149. 


If experiments are carried out with serum adjusted to a range of 
pH, a reciprocal relationship between the intensity of agglutination 


EFFECT oF PH on Lysis 471 


and lysis will be observed in cases where lysis is sensitive to pH changes, 
that is to say, agglutination in unacidified serum, where there is no 
lysis, will be found to be more intense than in an acidified serum sample 
in which lysis is occurring. There is, however, no reason to suppose that 
‘‘hemolysin” is not being equally well adsorbed in unacidified serum 
at pH 8 as at pH 6-6-5, despite the type of observation on the adsorption 
of ‘“‘hemolysins”’ illustrated in Fig. 149. Bearing in mind, too, that 
there is no reason to believe that the “hemolysin” and ‘‘agelutinin”’ 
in the sera under discussion are anything but the same antibody, the 
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Fic. 150. The effect of pH on the hemolysis of normal erythrocytes 
by two sera containing high-titre cold antobodies. A = the 
typical pH-lysis curve of an “‘acid cold hemolysin”; B= an 
exceptional curve showing almost maximal hemolysis in un- 
acidified serum (pH 8-0) (serum T. M.). (Redrawn from Dacie, 
1955b.) 


probable way in which pH acts is not so much by controlling adsorption 
of the antibody but by affecting in some way the ability of the antibody 
to bind complement. Complement is probably necessary not only for 
lysis but also for the irreversible fixing on of antibody so that elution 
of the antibody-complement complex does not occur at temperatures at 
which complement can bring about lysis. As has already been mentioned, 
the effects of pH on lysis as described above, and as illustrated in Fig. 
149, are not the same in every case and in Fig. 150 is illustrated a 
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pH-lysis curve where variation in pH within the range pH 8 to 6-5 made 
very little difference to the amount of lysis (Serum T.M.). This wide 
‘pH_-lysis curve is very similar to the curves obtained with hzmolysins 
of the Donath-Landsteiner type (see p. 557). 


In titrating sera to demonstrate lysis, the possibility of a prozone 
affecting the first tube or two of the titrations has to be kept in 
mind. One factor producing such prozones is deficiency or absence 
of complement in the patient’s serum. Two examples of prozones 
are illustrated in Table 83. Serum L.S. is acting as a typical “‘acid- 
hemolysin”’; serum T.M. is a serum where acidification had 
relatively little effect on lysis, and on this occasion more lysis in 
fact developed at pH 8-0 than at pH 6:5. 

Optumum Temperature. Normal room temperature in Britain 
(20—22° C.) seems to be about optimal for the occurrence of lysis. 
This temperature is well within the thermal range for antibody 
adsorption and sufficiently warm for maximal lysis to be brought 
about by complement, if the preparation is allowed to stand for 
1-2 hours. At lower temperatures, although antibody can be 
adsorbed more quickly, lysis due to complement occurs more 
slowly and at temperatures below about 10° C. it seems that the 
very intense agglutination which occurs tends to inhibit lysis even 
if the preparation is subsequently warmed to 37° C. This is perhaps 
due to the intense agglutination interfering in some way with 
fixation of complement, which is necessary to prevent elution of 
the antibody by rise in temperature. It is preferable, therefore, 
for the routine demonstration of lysis to set up the preparation at 
room temperature (18-22° C.) rather than to carry out the 
Donath-Landsteiner two-stage (cold-warm) procedure (see Table 
52, p. 565). 

II. Demonstration of Lysis Using Trypsinized Erythro- 
cytes. Cold antibodies regularly bring about lysis of trypsinized 
erythrocytes. Acidification of serum increases the lytic titre in 
most instances but lysis always occurs in unacidified sera. The 
lytic titre is generally considerably lower than the agglutination 
titre, if comparisons are made at 20° C. but always higher than the 
corresponding lytic titre obtained with normal cells. Typical 
results are shown in Table 34. Most of the sera lysed trypsinized 
cells at 30° C. and several did so at 37° C. (Table 31). 

III. Demonstration of Lysis Using Paroxysmal Nocturnal 
Hemoglobinuria (PNH) Erythrocytes. PNH erythrocytes are 
extremely sensitive to lysis by all potentially lytic antibodies and 
as was shown by Dacie (1950) they are lysed in very highly diluted 
sera containing cold antibodies. Their great sensitivity compared 
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with normal cells is shown in Table 34. Almost maximal Lysis 
occurs in unacidified serum, and the lysis titres for PNH cells at 
20° C. are generally comparable with the agglutination titres for 
trypsinized cells: PNH cells are in fact far more sensitive to lysis 
by cold antibodies than are trypsinized cells (see Table 34). PNH 
cells are almost always lysed at 30° C. and were lysed at 37° C. 
by eight of the 15 sera studied by the author; in only three 
instances, however, did the lytic titre exceed 4 at that temperature. 

Effect of Heating Sera to 56° C., and the Role of Comple- 
ment. Cold auto-antibodies are thermostable, that is to say they 
resist heating to 56° C. for 30 minutes. However, complement is 
required for lysis to take place and it plays a role also in the 
fixation of the antibody on the cell in such a way as to prevent 
heat-elution. With most sera the presence of fresh unheated serum 
is more or less essential for the firm adsorption of antibody if it is 
desired to demonstrate lysis subsequently, and in this respect 
high-titre cold antibodies are very similar to the Donath-Land- 
steiner antibody. 

It is easy to show that complement is removed from serum when 
normal erythrocytes are suspended in it at appropriate pH and tem- 
perature. In the experiment illustrated in Table 35, lysis and major 


fixation of complement took place at 17° C. and pH 6-5, and there was 
a trace of lysis also and minor fixation of complement at pH 8-0. At 


Table 35 
Adsorption of Complement by Erythrocytes Exposed to a High-Titre Cold 

Antibody 

Complement content of 
Serum pi alae Lysis supernatant serum 
s (units) 

Patient 90 
Control 90 
Patient 8 
Control 110 
Patient 70 
Control 110 
Patient 150 
Control 150 


Normal erythrocytes were suspended in the patient’s serum at different 
temperatures and pH for 2 hours. The complement content of the supernatant 
serum was estimated subsequently as described by Dacie (1956). The control 
tubes contained saline instead of the erythrocyte suspension. 
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2° C. no fixation of complement was demonstrable, although the cells 
were intensely agglutinated, and with this particular serum lysis did not 
take place, if suspensions chilled at 2° C. were subsequently warmed at 
37°C. 

The importance of complement during sensitization at room tem- 
perature (17° C.) has been investigated using five different sera and 
interesting differences found (Table 36). In every instance except one 
(serum I.P.), more lysis occurred on subsequent incubation at 37° C., 
when the test cells were exposed at 17° C. to fresh serum than when the 
serum had been heat-inactivated. Moreover, in two instances no lysis 
resulted when the normal cells, after being sensitized at 17° C. in heated 
serum, were subsequently incubated at 37° C. in fresh normal serum. 
Nevertheless, the differences between the sera appear to be quantitative 
rather than fundamental, for when trypsinized cells or PNH cells were 
used the inimical effect on lysis of sensitization being effected in heat- 
inactivated serum was always overcome to a greater or lesser extent. 


Table 36 


The Effect of Heat-Inactivation on the Ability of Sera Containing High- 
Titre Cold Agglutinins to Cause Lysis of Normal and PNH Erythrocytes 


Erythrocytes 
Case Serum Normal PNH 

I II I II 
I. P.* Heated — +4 — ++ 
Not heated ++ a + + ete 

HK. M.* Heated -- trace _ + 
Not heated — ++ + se 

A. 8.* Heated — — — =i 
Not heated _ trace + Bes 

A. D.+ Heated _ _ a + 
(Case 9) Not heated oe es ++ ws 
| i Heated _ By = se 
(Case 14, Dacie, Not heated ++ e. ++ ate 


1954a) 


I. Lysis measured after 1 hour at 17° C. 

II. The cells which were not lysed at the end of I were suspended in fresh 
normal serum and incubated at 37° C. for 1 hour. 

The sera were acidified to pH 6-5 when tested with normal cells but used 
unacidified with the PNH cells. 

+ + denotes marked lysis, + a lesser but definite degree of lysis; — denotes 
no lysis, ... no observation. 

* Cases of hemolytic anemia following virus pneumonia. 

+ Cases of the cold-hemagglutinin disease. 
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The results shown in Table 36 suggest at first sight that normal cells 
may fail to absorb a lytic component from the heated sera (e.g., in Cases 
A. 8S. and A. D.), whereas PNH cells do so even from unacidified heated 
sera. However, it can also be shown, by making eluates into warm 
saline from normal cells, exposed to patients’ inactivated sera, that 
potentially lytic antibodies are in fact adsorbed in the cold irrespective 
of whether the serum is fresh or inactivated, or unacidified or acidified 
to pH 6-5 (Dacie, 1954a, Table 17). These results, which are in accord 
with the concept that cold agglutinin and lysin are one and the same 
antibody, further support the suggestion that the presence of comple- 
ment in the cold sensitizing phase of the action of cold antibody on 
erythrocytes leads to relatively firm fixation of antibody on to the cell 
surface, so that rapid elution of antibody is prevented when the tempera- 
ture is raised and lysis thus allowed to proceed. As already stressed, 
the importance of complement in resisting elution of antibody seems to 
vary from serum to serum, and it seems that PNH erythrocytes and to 
a lesser extent trypsinized cells can absorb effective amounts of antibody 
from heated sera. 


Complement Fractions Required for Antibody Fixation and 
Hoeemolysis 


Fractions of human complement, kindly prepared for the author by 
Dr. R. R. A. Coombs, were used in a series of experiments in which 
PNH cells were used as test cells (Dacie, 1952). The cells were exposed 
to the patients’ serum + complement fractions at 2° C. and then 
exposed subsequently to complement fractions at 387° C. and the 
resultant lysis recorded. All four fractions of complement were required 
for fixation of the antibody and lysis. C’l was, however, found to be 
more important than C’2 in the cold phase and C’2 and C’4 (as well as 
C’3) were found to be essential for lysis in the warm phase; C’4 did not 
seem to be essential in the cold phase, nor was C’1 in the warm phase. 
PNH erythrocytes appeared, however, to be capable of adsorbing a 
certain amount of antibody at 2° C. in the absence of complement 
fractions, for lysis took place on warming provided that the cells were 
then suspended in whole unacidified fresh normal serum. 

Complements other than Human Complement. Guinea-pig complement 
has been used in certain experiments in place of fresh human sera, and 
lysis demonstrated. It has, however, certainly no advantages and it has 
the disadvantage, if PNH cells are being used, of containing hetero- 
antibodies to which PNH cells are extremely sensitive. 


Variations between Sera in their Ability to cause Hemolysis and 
Agglutination 


The effect of temperature on agglutination, the effect of pH on 
lysis and the necessity for complement during sensitization, if 
lysis is to be demonstrated, have all been quoted as parameters by 
which one serum may be shown to differ from the next. Another, 
and most interesting, variable is the way in which one serum is 
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much more lytic than another in relation to their ability to bring 
about agglutination. If the agglutination titre at, say, 2° C. 
provides a relative measure of the amount of antibody present, 
and if, as the author believes, lysin and agglutinin are one and the 
same antibody, the differences in antibody activity mentioned 
above can only be due to qualitative differences between one anti- 
body and the next.! This should perhaps not occasion surprise, 
for it is no doubt but a manifestation of the uniqueness of the 
individual, affecting serological niceties as well as immunological 
specificity (cf., Mehrotra, 1960b). The serological findings sum- 
marized in Table 31 illustrate the range of subtle serological 
differences which may be encountered in patients suffering from 
hemolytic anemia of the cold-antibody type. 


‘‘Incomplete”’ Cold Antibodies 


How the concept of the “incomplete” cold antibody arose, and 
how it is now realized that the phenomena observed are due to 
reactions between complement adsorbed with the cold antibody 
and antiglobulin serum, have already been discussed (p. 462). The 
direct and indirect antiglobulin reactions given by patients with 
the cold-hemagglutinin disease are satisfactorily explained in 
this way and in Table 37 are shown the results of some titrations 
of “incomplete” cold antibodies which depended upon the 
presence of complement in the serum titrated and in the diluent 
in which the dilutions were made. Titrations such as these merely 
illustrate that the serum titrated is potentially lytic and that 
normal human erythrocytes may take up considerable amounts of 
complement without undergoing lysis (‘Table 38). The effect of pH 
on the sensitization of normal erythrocytes by a high-titre cold 
antibody to agglutination by antiglobulin serum is illustrated in 
Table 39. In cases where lysis can be shown to be pH-dependent, 
so will sensitization to antiglobulin serum; both tests measure the 
same thing—the ability of the cells to bind on complement under 
the conditions of the experiment. 

As shown in Table 20, the antiglobulin reactions are of the 
‘““non-y” type, that is to say, strong agglutination takes place in 
antiglobulin sera to which relatively large amounts of y globulin 

1 The observations of Winstanley, Konugres and Coombs (1957) on the 
hemolytic potentiality of anti-A antibodies raise the possibility that cold 
antibodies may also be a mixture of antibodies, one component of the mixture 
being more lytic than the other, as anti-A? (cross-reacting with pig erythro- 
cytes) is, compared with anti-A acting on human cells only. This is an attrac- 


tive hypothesis but in the case of cold antibodies there is no evidence (so far) 
of heterogeneity. 


479 


“INCOMPLETE”? CoLp ANTIBODIES 


‘UOTJVUIFN[SSS OU SoJOUNP — ‘ UOTPEUTyN[SsV 
jo sooiZap dassay eyouep + pue + + ‘+4 4 SuMses UNNQo[SNue Aq UOLeUTIN[oSe oAV-poyeuU SuOIs ATOA soJoUSeP + + + + 


er a TS 


me i, Whe oe ata et OU a ae GE oe ee eae (VEC6L ‘oI0Vd 
jeuLION | ‘EL aseg) odAq Apoqiue-pfoo 
oe Se ie = = — auleg $= | “ertueue o1yAjouey ouNWUUT-OINV 


— =F ae qe oo ot ae CRT OS 
[BULLION 
of en = a Se yeh ee ae JUITES vruoumoud snatA. 
UUN.LOS 
= = — _ + aaah [BULLION 
- bss ne = — ++ IUT[VS [BULLION 
(ATuo 
yuontip) FEOLUEL 9ge ult 79 Ul T Of Ul Tt y Ul T 
jo1yUuo,) ; : 
JUIN WUndaS 


SUOT}NIIp wINIeS 


sahoosyjghany JOUWLONT FUISQ saipoquup piog ..ajajduoouy,, {O UOYo4UT 
4E 90D 


“IDIOPATHIC”? TyrpE: SEROLOGY 


480 


‘SISAT 10 UOI}VUIPNISSe OU SoyoUsp — ‘{UOT}VeUTZN[SSe Jo syuNoWe Jassoy - pue + ‘F + puvB o}eIOpoUr saJoUsp + + 
*poqVizl} SBM WNJes SUTUTe}UOD-ApOqI}Ue-pjoOod oY} JO JUszUOD YUOUNETdUIOD [eNpIsad 9Yy7. 
pue ‘UIndes UT[NQO[SIjue UL pepusdsns pu PoYSeM Ud} 10M S][9d PoZIpIsuds IULT, “SISAT USY} puB SI PBot SBM UOTPBUTYN[SSY 


OOT 66 OO G6 18 ey | (%) yuoustduros wmses [enpIsey 
_ Ea ae Bu abe oe ayes | undoes UTTNQoOTSstyuB Aq UOTVeUIFNI[SSy 
= = = = us = | SISA’T 
— _ _ 0814 + + + uolyeUlyNySsy 
(quon{Ip 
uundes [euI0U) §=960°F ULL PZOLULT 9¢z UE T FO ULT Qt ULT 
joryuog 


SsUuOIynIIp UMAIS 


sushi] fo aouasqy ay) ur ‘Apoquupy pl0g I4uL-ysip 1 fo suoynjg 0} pasodary saihsosyjhan fq quamadumog fo uoydsospy 
SE 9190. 


481 


cT oF PH 


— 
4 


EFFE 


‘UOT}VUIJNISSe OU SoJOUNpP — ‘{ UOTZBUTYNISSe 
JO Sovisop Jossoy oyousp + puw + ‘+4 ‘+++ ‘fumes UTNQO[SsyUe Ue Aq UOT}eUTYN[SSe Suodjs AJOA SojOUNp + +++ 


+ t++++ +4+++ 44+ + ~ = = Apoqryue 
poo 91319-Y4StH 


~ ~ + + +++ +++ ++ +4 + — (H-1uR) 
umes TeULOU UT 


Apoqiyue plop 


uInIaG 


Hd 


hyaoysadsay ‘ipoquup ploy aynt-ysiyy » pup hipog 
-YUPp pj0g juWMAON D fig pazyisuag sahoosyjhigy qouson fo wnsag uynqojsyup uv fq uoyouynssp ayz uo FA fo pally 


6€ 2199.1 


482 ‘““TpIOPATHIC’’ TyPE: SEROLOGY 


have been added. At first, failure of agglutination in anti-y sera 
was thought to be typical of cells exposed to cold antibodies, and 
it was felt that this might perhaps be explained by the antibody 
part of the complement-amboceptor complex not being sufficiently 
“exposed” on the surface of the cell for agglutination to take place. 
However, if erythrocytes are acted on by cold antibodies under 
conditions which ensure maximal sensitization, and in particular 
if some lysis occurs, the residual cells which have not been lysed, 
will not only be very strongly agglutinated by anti-non-y sera but 
also weakly agglutinated in anti-y sera. Under these conditions 
sufficient antibody seems to be irreversibly bound for agglutination 
by an anti-y serum to be visible (Table 40). 


Case Report: Cold Hemagglutinin Disease in an Elderly Woman 
followed for 13 years 


Case 9. Mrs. A. D., now aged 79, first showed signs of the cold- 
hemagglutinin syndrome in the winter of 1947, when she found that 
her hands, nose and ears became white and then bluish in cold weather. 
In January 1949 a patch of gangrene appeared on her right thumb but 
this eventually healed. On particularly cold days she experienced 
hemoglobinuria. 

This patient has been seen at intervals up till the time of writing 
(December 1960). Her symptoms have not altered, except for those 
associated with ischemic heart disease which has become more serious 
in the last 2 years. Every winter she has been troubled with Raynaud’s 
phenomena, pallor and jaundice and hemoglobinuria, and has been 
forced to keep indoors in cold weather; in the warmer months of the 
year she has generally been free from symptoms and has led a more or 
less normal life. Her blood picture has in general fluctuated corres- 
pondingly, but the serological signs have been remarkably constant 
(see below). 

Physical Examination. She is a frail elderly woman. In cold weather 
her hands, ears and nose are generally cold and bluish-purple and there 
is usually a slight tinge of jaundice. At present there are signs of cardiac 
failure; there is evidence of aortic stenosis and incompetence, with 
enlargement of the heart. The liver is palpable 3 cm. below the right 
costal margin and the spleen is palpable 1 cm. below the left costal 
margin. The urine contains free haemoglobin from time to time, but 
hemosiderin in the urinary deposit seems to be constantly present 
(Fig. 136). 

Laboratory Findings. The erythrocyte count and hemoglobin have 
fluctuated considerably (see Fig. 133, p. 870), the lowest observed values 
being 1,800,000 per cu. mm. and 6-9 g. per 100 ml., respectively. The 
maximum reticulocyte count has been 16%. Blood films showed marked 
auto-agglutination, but little anisocytosis or spherocytosis (Fig. 138, 
p. 873). The leucocyte count has varied between 2,800 and 11,000 per 
cu. mm. and the platelet count has ranged between 170,000 and 320,000 
per cu. mm. The serum bilirubin has not exceeded 2:0 mg. per 100 ml. 
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Haptoglobins have been absent. Bone-marrow puncture showed an 
active erythropoietic marrow consistent with the diagnosis of hemolytic 
anemia. Plasma cells were not unduly numerous. 

Serology. A. D.’s blood has always clumped rapidly on cooling to 
room temperature, the upper thermal limit for auto-agglutination of 
whole blood being 29-82° C. The direct antiglobulin test has always 
been positive, and is of the non-y type. The cold-agglutinin titres at 
2—4° C. have been in the region of 16,000—64,000, with strong agglutina- 
tion at 20° C. (titre 1,024) and a trace of agglutination at 30° C. Lysis 
of normal cells in acidified serum (pH 6-5) takes place readily at 20° C. 
and there is weak lysis also at 30° C. No lysis is demonstrable in un- 
acidified serum. 'Trypsinized and PNH cells are strongly lysed at 20° C. 
and 30° C. but not at 37° C. (Table 31). Serum complement has ranged 
from 90 units (normal) to 7 units (grossly subnormal).. The Wassermann 
and Kahn reactions are negative. The patient’s blood group is O Rh- 
positive. 

The serum proteins have been estimated on a number of occasions. 
The following figures are representative: albumin, 4-1 g., globulins, 3-0 g. 
per 100 ml., of which y globulin contributed 1:75 g. Electrophoresis 
shows an abnormal y, peak (Fig. 151). The protein forming this peak, 
which was shown to be formed of cold-antibody macroglobulin, was 
precipitated in the cold and gave a cryocrit of 5% (Christenson and 
Dacie, 1957). 

Course and Progress. As already indicated, the patient’s hamato- 
logical condition has remained substantially unchanged for the last 13 
years: in particular, the cold antibody in her serum has persisted at 
virtually the same concentration throughout (Fig. 179, p. 697). 

She has been treated with ACTH and cortisone on several occasions 
but without decisive benefit (see Dacie, 1957) and the drugs have not 
been persisted with. Bed rest and warmth alone have usually been 
associated with a rise in hemoglobin (Fig. 134, p. 371). More recently, 
she has been treated with oral penicillamine (450 mg. b.d., rising to 
1,500 mg. t.d.s. over a period of 18 days), given with the hope that this 
might cause dissociation of her cold antibody. Again, no decisive benefit 
ensued. 

Summary. The long-continued and relatively benign course is charac- 
teristic of the cold-haemagglutinin disease. A very high-titre cold 
antibody was constantly present in the serum. It is typical in that it 
acted as a cold “‘acid hemolysin”’ as well as an agglutinin, but unusual 
in being a cryoglobulin. 


Case Report: Cold-Hemagglutinin Disease in a Young Woman 


Case 10. The patient, E. W., first experienced episodes of anemia 
and jaundice, associated with the passage of dark urine, in February 
1952. Since that time she has tended to be jaundiced and anemic during 
cold weather but to be comparatively free during the summer time. Her 
illness has never seriously affected her and she has managed to lead an 
almost normal life. A recent exacerbation led her to be referred in 
October 1959, when aged 42, for further study in Hammersmith 
Hospital. 

Physical Examination. She was found to be a well-built woman with 
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Fre. 151. Paper electrophoresis strip of the serum proteins of Case 
9. The very high-titre cold antibody is responsible for the 
abnormal y,-globulin peak (marked with an arrow). (From 
Christenson and Dacie, 1957.) 
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Fig. 152. Peripheral blood film of Case 10 made on a warmed slide. 
There is nevertheless definite auto-agelutination, and _ slight 
anisocytosis and spherocytosis. x 700. 


Fic. 158. Higher magnification of the film shown in Fig. 152. Very 
fine filaments (? of cold-agglutinin protein) stretch between 
adjacent erythrocytes. Auto-agglutination is in the process of 
being dissociated by warmth. x 1700. 


Fic. 154. Erythrophagocytosis in vitro. The result of adding a fresh 
suspension. of leucocytes to erythrocytes exposed to an actively 
hemolytic high-titre cold antibody (Case 10) in the presence of 
fresh human serum complement. x 1260. 


Fic. 155. Peripheral blood film of Case 11. This shows complete dis- 
persion of auto-ageglutination on a warmed slide. There is slight 
anisocytosis and spherocytosis. x 700. 
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slightly cyanosed extremities. There was some pallor also and slight 
icterus of the scleree. The spleen, palpable 3 cm. below the costal margin, 
was the only abnormal physical sign. The urine contained a trace of 
hemoglobin and abundant hemosiderin in the deposit. 

Laboratory Findings. Her erythrocyte count was 1,700,000 per cu. 
mm., and hemoglobin 7:3 g. per 100 ml., with 24° reticulocytes; 
leucocyte count, 12,000 per cu. mm. and platelet count, 280,000 per cu. 
mm. Haptoglobins were absent from the serum. Osmotic fragility was 
increased (at 37° C.), with hemolysis extending up to 0-60°% NaCl. 
Blood films showed some anisocytosis and microspherocytosis, also auto- 
agglutination (Figs. 152 and 153). 

Serology. The patient’s whole blood rapidly underwent auto-agglutina- 
tion after withdrawal, detectable agglutination occurring at 32° C. and 
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Fic. 156. Time-hzemolysis curve of normal erythrocytes exposed to 
the serum of Case 10. Unacidified serum (pH 8-0) at 20° C. 


below. The direct antiglobulin test was strongly positive, and was of 
the non-y type. When tested with normal cells, the cold antibody was 
found to have an exceptionally high thermal activity, for agglutination 
definitely occurred at 37° C. (Table 31). The patient’s own cells were 
much less sensitive; they were agglutinated at 30° C. but not at 87° C. 
(Table 32). As well as having a high thermal range, the antibody was 
exceptionally lytic. Lysis of normal cells took place very rapidly in 
unacidified serum at 20° C. (Fig. 156) and acidification of the serum only 
very slightly increased lysis. Lysis occurred over a relatively wide pH 
range (9-6-2). Lysis of normal cells occurred rapidly at 30° C. (titre 128) 
and even at 37° C. (titre 16). Trypsinized and PNH cells were lysed to 
high titres (> 1,024) at 37° C. (Table 31). 

Serum complement appeared to be absent but the serum was not 
anticomplementary. 

Summary. A relatively young patient suffered from the cold-hemo- 
agglutinin disease of long duration, A high-titre cold antibody with 
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an exceptionally high thermal range and with exceptional lytic potency 
was present. Fortunately, the patient’s own erythrocytes were relatively 
insensitive to the action of the antibody, and this probably allowed the 
patient to lead a reasonably normal existence. 


The following case report illustrates (it is believed) a variant of 
the cold-hemagglutinin disease. 


Case Report: Chronic Hemolytic Anemia of Cold-Antibody Type 
Affecting an Elderly Woman 


Case 11. The patient (E. T.), aged 75, was first found to be anzemic 
in September 1959. Autohzmagglutination was then noted. In March 
1960 she was found to have some cyanosis of the hands and feet and her 
spleen was palpated. She had never experienced haemoglobinuria. She 
was admitted into Hammersmith Hospital for investigation in May 
1960. 

Physical Examination. She was found to be a well-nourished slightly 
jaundiced woman. There was in addition some dusky pigmentation, 
mainly of the face, neck and hands. The spleen could just be felt but 
neither the liver nor the superficial lymph nodes were palpably en- 
larged. 

Laboratory Findings. On admission. She was moderately anemic; 
erythrocytes, 2,200,000 per cu. mm.; hemoglobin, 8-3 g. per 100 ml., 
with 7% reticulocytes. Blood films showed slight anisocytosis and 
spherocytosis (Fig. 155). The total leucocyte count was 10,000 per cu. 
mm.; platelets, 270,000 per cu. mm.; bilirubin, 1-8 mg. per 100 ml. 
Osmotic fragility was slightly increased, with hamolysis commencing 
in 0-55% NaCl. Haptoglobins were absent. The urine was free from 
hemoglobin and heemosiderin. 

Serology. Whole blood underwent auto-agglutination at temperatures 
of 25° C. and below. The antiglobulin test was moderately strongly 
positive, the patient’s cells being readily agglutinated by an anti-non-y 
serum but not by an anti-y serum. The cold-agglutinin titre was 1,024 
at 2° C., 4 at 20° C. but there was no agglutination at 30° C. or 87° C. 
The patient’s own erythrocytes were slightly less sensitive (‘Table 32). 
Trypsinized and PNH cells underwent lysis at 20° C. but not at 37° C. 
(Table 31). Normal cells were lysed at 20° C., to a lesser but definite 
extent at 30° C. but not at 37° C. Lysis took place readily in unacidified 
serum but was considerably greater at pH 6-5. Serum complement was 
slightly reduced (64 units). 

Course and Therapy. Soon after admission she had one episode of 
rapidly increasing anzmia, associated with reticulocytopenia but also 
increasing jaundice. The hzmoglobin fell to 5-6 g. per 100 ml.; and the 
serum bilirubin rose to 7-8 mg. per 100 ml. of which 4-0 mg. was con- 
jugated bilirubin. She was transfused, and given large doses of ACTH, 
60 units a day, and recovered from this episode. She subsequently 
received folic acid, 10 mg. per day, and dexamethazone up to a dose of 
9 mg. a day without substantial or sustained improvement. Later, 
6-mercaptopurine was given at a dose rate of 125 mg. daily for 19 days 
and then at a rate of 150 mg. for 26 days, without any detectable 
beneficial (or adverse) clinical or serological effect. Finally, penicil- 
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lamine at a dose of 1,500 mg. daily by mouth was administered for 20 
days, without effect (Fig. 172). Forthe last 2 months of her life she suffered 
from repeated respiratory infections and complained of lumbar pain of 
increasing severity. She died after having been under observation in all 
for 20 months. Necropsy revealed tuberculous osteitis of a lumbar 
vertebra, an intradural abscess and miliary tuberculosis. 

Summary. A case of chronic ‘‘idiopathic”’ hxemolytic anzemia of the 
cold-antibody type (cold-hemagglutinin disease without hemo- 
globinuria). The antibody, of only moderate titre at 2—4° C. (1,024), 
produced definite lysis of normal cells at 30° C. but not agglutination 
at this temperature. Treatment with steroids, 6-mercaptopurine and 
penicillamine failed to produce clear benefit. She died from tuberculosis, 
possibly reawakened by steroid therapy. 


Personal Observations. 2. Less Typical Cases of Hemolytic 
Anemia of Cold-Antibody type, (?) Distinct from the Cold- 
Hemagéglutinin Disease 


As referred to on p. 373 the present author has studied four 
patients who, although their clinical histories have been diverse, 
have some clinical and serological features in common which seem 
to place them outside the range of the cold-hemagglutinin syn- 
drome. The serological findings are summarized below and in 
Table 41. 

Serology. All gave positive antiglobulin tests and where tested 
these were found to be of the “‘non-y” type. There were only 
moderate rises in cold-agglutinin titre, to 256-1,024, and the 
thermal range of the agglutinins did not reach 30° C. A con- 
spicuous feature of each serum was its persistent ability to lyse 
trypsinized erythrocytes, or PNH cells, to quite high titres at 37° C. 
The low titres for lysis of trypsinized cells at 20° C., compared 
with the much higher titres at 37° C., suggest that the lysis at 
37° C. was being produced by a factor which was distinct from the 
cold agglutinin. In two cases traces of lysis of normal cells were 
observed to take place at 37° C. The Wassermann and Kahn‘ 
reactions were positive in three of the patients; in two of them at 
least, they were probably “false-positive.”’ 


FURTHER DETAILS CONCERNING COLD ANTI- 
BODIES 


Species Specificity of Cold Antibodies. Many studies have 
by now been carried out on the reactions between animal erythro- 
cytes and the high-titre cold auto-antibodies found in the sera of 
patients suffering from various types of hemolytic anzemia or the 
low-titre cold auto-antibodies found in normal sera. No very clear 
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picture emerges, but it appears that aside from man the antibodies 
cross-react with certain animal species, particularly with rabbit, 
pig and monkey erythrocytes. 


Clough and Richter (1918) studied a patient who almost certainly 
had suffered from virus pneumonia and found that the patient’s serum 
contained cold agglutinins against rabbit, guinea-pig, hen, sheep, cat 
and pig erythrocytes as well as against human cells; absorption with 
either rabbit or human erythrocytes removed the agglutinins acting on 
both types of cell. Mino (1924), who introduced the term ‘“‘ panhzem- 
agglutinin,’ also concluded that cold agglutinins did not distinguish 
between human and animal cells. Rosenthal and Corten (1937) described 
observations they had made on a patient suffering from acquired 
hemolytic anemia in whom cold auto-agglutination was conspicuous. 
The cold agglutinins were eluted off the patient’s erythrocytes and then 
shown to be capable of agglutinating rabbit cells and pig cells. 

Turner and Jackson (1943) carried out an extensive study on the sera 
of seven patients who had developed high-titre cold agglutinins following 
virus pneumonia. Heterospecific cold agglutinins active against rabbit, 
mouse, guinea-pig, horse and sheep cells were present in each serum, 
but equally powerful hetero-antibodies were found in normal sera not 
containing high-titre cold agglutinins active against human erythro- 
cytes. Eluates into warm saline, obtained from human cells sensitized 
in the patients’ sera in the cold, were next tested for specificity ; rabbit 
and human cells were found to be agglutinated to about the same titre, 
and guinea-pig and pig erythrocytes to low titres. On the other hand, 
absorption experiments showed that the anti-human agglutinins could 
be removed without affecting to any significant degree the agglutination 
of the heterologous erythrocytes, except possibly that of guinea-pig 
cells. 

Further studies were carried out by Finland, Peterson and Barnes 
(1945). Like Turner and Jackson, they found that heterospecific 
agglutinins existed in many normal human sera and that, of the species 
they studied, rabbit erythrocytes were agglutinated to the highest 
titres. Finland, Peterson and Barnes also tested a panel of animal 
erythrocytes against human sera known to contain cold agglutinins 
active against human cells at pathologically raised titres (128—2,048), 
derived from patients who had suffered from virus pneumonia. In most 
cases the titres against the animal cells seemed to be independent of the 
presence or absence of cold antibodies active against human cells. 
However, agglutination of monkey erythrocytes occurred more regularly 
and in higher titres in sera containing anti-human cold antibodies in 
raised concentrations; reversal at 387° C. was usually incomplete. 
Absorption experiments showed that whereas absorption with rabbit 
erythrocytes resulted in a significant fall in the titres against human and 
guinea-pig cells, as well as against autologous cells, absorption with 
human or guinea-pig erythrocytes had little effect on the cold-agglutinin 
titres for heterologous cells. 

These observations were extended by Millet and Fincler (1946), who 
found that it was impossible to absorb cold agglutinins against human 
erythrocytes from human serum by means of rabbit, guinea-pig or ox 
cells. They claimed, however, that this specificity depended upon 
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surface antigens, for if erythrocyte stromata were used instead of intact 
corpuscles, species specificity disappeared. 

Wiener, Gordon and Gallop (1953) studied three patients whose sera 
contained cold antibodies in raised concentrations. All three patients 
had an acquired hemolytic anzmia; in two of them this was secondary 
to lymphoblastoma or lymphomatosis. The antibodies were found to 
react strongly with Rhesus-monkey, spider-monkey, pig and rabbit 
erythrocytes, but only weakly or not at all with chimpanzee, cow, horse 
or sheep cells. 

More recently, the results of two further interesting studies have 
appeared. Delage, Gauvreau and Simard (1956) experimented with 
serum derived from a patient suffering from the cold-haemagglutinin 
disease. This serum agglutinated both rabbit cells and sheep cells; 
when administered intravenously to rabbits severe hemolysis and 
hemoglobinuria resulted, irrespective of whether the animals were 
chilled. Delage, Gauvreau and Simard also reported that the antibody 
was absorbed by Shigella dysenterice. 


Schubothe (1958) investigated six sera derived from patients 
suffering from the cold-hemagglutinin disease and prepared 
eluates from group-O cells exposed to the antibodies. These eluates 
were tested against the erythrocytes of nine animal species. The 
highest titres were recorded against rabbit and pig cells and to a 
lesser extent, guinea-pig and rat cells. Dog, mouse, horse, and 
sheep cells were agglutinated to low titres or not at all. It is in- 
teresting to note that the results with four species whose cells were 
regularly agglutinated did not run exactly parallel: for instance, 
with the first serum pig cells were the most sensitive; with the 
second and third, rabbit and rat cells; with the fourth, pig cells; 
with the fifth, pig, guinea-pig and rabbit cells, and with the sixth, 
pig and rabbit cells. Schubothe’s results underline how subtle are 
the differences which exist between individual sera; they help to 
explain the many discrepancies to be found in the literature on 
species specificity. 


Specificity of Reactions between Human Erythrocytes 
and Cold Antibodies 


This also is a complex subject about which there is considerable 
literature, old and new, and as with animal cells some of the 
reports are discrepant. There is reason to believe, however, that 
real differences in specificity exist between one serum and another. 
It is important from this point of view to distinguish between the 
various categories of cold antibodies. 

First, there are cold iso-antibodies of well defined specificity, 
such as anti-Le?, anti-P, anti-w,, anti-O or anti-H. These anti- 
bodies (with rare exception, see below) are not associated patho- 


Types oF CoLp ANTIBODIES 491 


genetically with hemolytic anemia and will not be discussed 
further. 

Secondly, there are the so-called ‘non-specific’? cold auto- 
agglutinins which are found in most normal sera at low titres. 

Thirdly, there are the majority of pathological high-titre cold 
antibodies, as found in the cold-hemagglutinin disease. These 
antibodies seem to form a fairly homogeneous group when tested 
with different varieties and types of human erythrocytes, and there 
is reason to believe that the reaction of these antibodies and those 
of the normal cold auto-agglutinins usually run parallel. This is 
the type of antibody recently referred to as anti-I (see below). 

Fourthly, there are the pathological high-titre cold auto-anti- 
bodies, found in the sera of patients with malignant disease of 
the lymphoreticular system; some at least of these have a speci- 
ficity which differs from that of the antibodies of the third group 
(see also Chapter 13). 

Fifthly, there are the Donath-Landsteiner antibodies of paroxys- 
mal cold hemoglobinuria; these are dealt with in Chapter 10. 

Literature on Specificity. Mino (1924) is usually quoted as 
having introduced the idea of the “non-specific”? nature of cold 
agglutinins; he concluded that all human erythrocytes shared a 
common receptor and that no distinction could be made with regard 
to reactivity between cells of different ABO groups. Amzel and 
Hirszfeld (1925) on the contrary concluded that there were in fact 
differences in the agglutinability of human cells by cold agglutinins, 
but they also concluded as the result of absorption experiments 
that there were no qualitative differences in the receptors on the 
cell surfaces. Kettel (1929) titrated 378 sera and demonstrated 
cold agglutinins in 360 of them. He reported that the titres tended 
to be lowest in group-O sera and highest in group-B sera and that 
autologous cells usually gave lower values. 

Boxwell and Bigger (1931) reviewed the early literature and 
described a case where group-O cells seemed to be more strongly 
agglutinated than group-AB, -A, or -B cells. Wheeler, Gallacher 
and Stuart (1939) reported on another case, possibly of virus 
pneumonia, where the serum cold agglutinin appeared to ageluti- 
nate group-O and -A, cells more strongly than group-A, cells. 
However, eluates of the cold antibody seemed to lack any speci- 
ficity. Stratton (1943) also reported observations indicating in 
three out of five patients an anti-O specificity or preferential 
agglutination of group-O cells; the antibodies of the other two 
patients (one with hemolytic anemia) seemed, however, to lack 
specificity. Finland, Peterson and Barnes (1945) described the 
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results of experiments carried out with nine sera derived from 
patients with virus pneumonia. Group-O cells reacted more 
strongly than group-AB, -A or -B cells in seven of the sera. Bird 
(1951a,b, 19538a,b), too, reported a complicated relationship be- 
tween certain cold agglutinins and the ABO blood groups. 


Bird (1951a) investigated a patient with acquired hemolytic anzenfia 
whose serum contained an apparently ‘‘non-specific”’’ cold agglutinin. 
He found that if this serum was absorbed with the patient’s own 
(group-AB) erythrocytes, it then ceased to agglutinate O, A and B cells 
as well as autologous cells. However, when the serum was absorbed 
with group-O cells, so that it was no longer active against O cells, 
agglutinins persisted which still reacted with group-A, -B and the 
patient’s cells. Bird’s experiments in fact suggested that this particular 
serum was a mixture of anti-O, anti-A, anti-B and anti-‘‘ patient’s- 
cell’? components. A similar combination of components was stated to 
be present in seven other group-AB sera studied in the same way. 
Later, Bird (1951b) reported that when four group-AB sera containing 
cold agglutinins were absorbed with group-O cells, the subsequent titres 
against A and B cells actually increased, as did their thermal amplitude. 
Whether this meant that ‘‘anti-O”’ agglutinins actually blocked in some 
way activity against A and B cells remained uncertain. Bird (19538a), 
however, reported that absorption with group-O cells usually removes 
all the supposed components of a cold panagglutinin, and he suggested 
that cold auto-agglutinins possess multiple combining sites which may 
render it impossible to separate the various components (if in fact 
they exist). In a further paper (Bird, 1953b), he stated that certain 
group-AB sera containing cold agglutinins reacted with various types 
of erythrocytes independently of their supposed H content. 


Thus although there is some fairly impressive evidence indicating 
a relationship between the ABO groups and agglutination by cold 
antibodies, with group-O cells being perhaps the most sensitive, 
this has by no means been the general experience. Turner and 
Jackson (1943), Young (1946) and Dacie (1954b), too, found no 
relationship between ABO groups and agelutinability. 

Dacie (1954b), who prepared eluates of antibodies from group-O 
erythrocytes exposed to 10 sera derived from patients with the 
cold-antibody type of hemolytic anzemia, showed that the eluted 
antibodies agglutinated cells irrespective of their ABO groups. 
Crookston, Dacie and Rossi (1956) later reported more elaborate 
studies on 14 patients. Sixty-four samples of erythrocytes derived 
from healthy adults were tested for their agglutinability. This in 
fact was found to vary considerably, but it seemed to be inde- 
pendent of the ABO, Rh, MNSs, P, Lutheran, Kell, Lewis, Duffy 
and Kidd groups. Moreover, the sensitivity of the different cells 
appeared to be a normally-distributed characteristic (Fig. 157), 
and an analogy was drawn with the range of strength of reactions 
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of erythrocytes considered to be P-positive. Absorption experi- 
ments using strongly-reacting cells and weakly-reacting cells 
showed that they were reacting with the same antigen. Foetal 
erythrocytes were not tested but Unger, Wiener and Dolan (1952) 
and Mortara and Martinetti (1955) had already made the interesting 
observation that cord-blood cells might be poorly agglutinated by 
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Fic. 157. Histograms showing the variation in agglutinability by a 
high-titre cold antibody (serum L.S., cold-haemagglutinin 
disease), at 4° C. and at 20°C., of 48 samples of erythrocytes 
from normal adults. 


Hatched columns = group O; unhatched columns = group A. 
(From Crookston, Dacie and Rossi, 1956.) 


high-titre cold agglutinins. Some further interesting developments 
are reported below. 

The Ili System. Wiener and co-workers (1956) tested a serum, 
derived from a patient suffering from the cold-hemagglutinin 
syndrome, against 22,964 blood samples. Five samples only, as 
well as the patient’s own cells, were not agglutinated at room 
temperature. The insensitive cells were designated “i” or “‘I- 
negative’’ and the serum ‘“‘anti-I.” The “I factor”? was thought 
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to be unrelated to any blood-factor system known at that time. 
Normal human cells were designated I, and less strongly-reacting 
cells I, and I,. It should be added perhaps that the “‘I-negative”’ 
cells were agglutinated at room temperature (24° C.), if ficinated, 
and at 4° C. even without enzyme treatment. 

Subsequently, further ‘‘I-negative’’ cells have been discovered, 
in Caucasians (Jenkins et al., 1960) and in negroes (Tippett et al., 
1960). The *‘I-negative” (‘‘i”’) cells of Tippett and her co-workers 
(1960) were slightly stronger-reacting than the cells of Jenkins’s 
patient, and there were hints of some relationship with the ABO 
system. 

It seems that pathological high-titre cold antibodies act as a 
rule as anti-I sera, agglutinating “‘I-negative” cells and cord- 
blood cells much less strongly than they agglutinate normal adult 
erythrocytes (Table 42). 


Table 42 


Comparative Sensitivity of Normal I-Positive and ‘‘I-Negative”’ Erythro- 
cytes to Agglutination by a High-Titre Cold Antibody 


Titres 
Type of 

ryth te 

erythrocyte Teg “eC 
Normal I-positive 256 16,000 
Trypsinized normal I-positive 4,096 16,000 
**T-negative”’ J 512 
Trypsinized * I-negative”’ 16 8,000 


Jenkins and his co-workers (1960) also reported the finding of 
high-titre ‘‘iso-anti-I” in the serum of an “I-negative”’ individual 
who was not suffering from a hemolytic anemia. This antibody 
seems to be a high-titre variety of the cold auto-agglutinin found 
in so many normal sera at low titres. It did not distinguish between 
group-O, -A, or -A, cells and only agglutinated cord cells very 
weakly. A comparison of the behaviour in vitro of “iso-anti-1”’ 
and high-titre auto-anti-I, as found in patients with the cold- 
hemagglutinin disease, is shown in Table 43. 

More recently, Marsh and Jenkins (1960) and Marsh (1961) have 
published the results of some very interesting studies. Marsh and 
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Table 43 


Comparison of Behaviour In Vitro of High-Titre Cold Antibodies of 
Auto-Immune Hemolytic Anemia (Auto-Anti-I) with [so-Anti-I in the 
Serum of an ‘“I-Negative’’ Individual 


Auto-anti-I Iso-anti-I 


Specificity I+ cells typically very strongly | React with I+ cells 


agglutinated; ‘“‘I—”’ cellsmuch | only. No reaction 
less strongly agglutinated ; with patient’s own 
patient’s own cells strongly | cells 
agelutinated 
Type Potentially lytic agglutinin; | Potentially lytic 
lysis of normal cells often pH | agglutinin 
dependent 
Multiplicity | One component One component 
Thermal May reach 37° C., but not with | May reach 37° C. 
amplitude patient’s cells 
Titre Very high; may reach 500,000 | Moderate only 
at 2° C. 


Jenkins worked with two sera derived from patients with reticulum- 
cell sarcoma and anzemia, and ‘“‘reticulosis”? and anemia, respec- 
tively. These two sera behaved antithetically compared with 
anti-I sera in that they agglutinated normal adult cells weakly and 
cord-blood or adult “I-negative”’ cells very strongly. Marsh and 
Jenkins, therefore, designated the sera ‘“‘anti-i”. Marsh (1961) 
concluded that all infants at birth are of the phenotype 1, and thus 
react very weakly with anti-I sera, and that normally the pheno- 
type i changes to I within 18 months of birth (Fig. 158). The 
adult specimens of i blood which have been found he attributed to 
an abnormality in the development of the I antigen due to the 
absence of a genetically-determined factor. Marsh quoted the 
observations of Jenkins and Tippett and their co-workers that 
cells which are weak in I are also weak in H and he suggested that 
the factor that adult i cells lack may also be involved in the 
development of H (which is also weak in foetal cells). Con- 
cluding that all cells possess variable amounts of the two antigens 
involved, Marsh ranged the cells as I (normal adult cells), © 
Tint) (weakly-reacting cells from adults possibly inheriting a 
single dose of the I development factor), i(.orq), 1, and 1,. “*i”’ is 
DACIE’S HEMOL. ANEMIAS—6 
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reserved for cells completely lacking in I, which have not yet 
been found. 

As mentioned earlier, the specificity of cold antibodies formed 
by patients suffering from malignant disease of the lympho- 
reticular system may not conform to the usual anti-I pattern. 
Marsh’s (1961) remarkable observation of two sera which aggluti- 
nated “‘I-negative”’ cells strongly and I-positive cells weakly has 
already been referred to. In Table 44 are given details of titrations 
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Fic. 158. Titration scores given by the saline-suspended erythrocytes 
of infants of selected ages calculated as a percentage of the 
scores of normal adult (1) and normal cord (i) blood. 


I titration scores = ©; i titration scores = X. (From Marsh, 
1961.) 


using I-positive and “I-negative”’ erythrocytes and sera from two 
patients with reticulosarcoma and one (C. D.) with Hodgkin’s 
disease. No definite differences between the sensitivity of I- 
positive and I-negative cells were demonstrable. It is thus possible 
that cold antibodies vary as widely in their ability to agglutinate 
erythrocytes as do the erythrocytes in their sensitivity to aggluti- 
nation. It is specially interesting to note that the “abnormal” 
antibodies have so far all been found in sera from patients suffering 
from reticulosarcoma or allied disorder. 
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Differences in the Agglutinability and Sensitivity to Lysis by High- 
Titre Cold Agglutinins of Pathological Erythrocytes 


In addition to the differences in I-anti-I sensitivity outlined in the 
previous section, which are presumed to be genetically controlled, 
apparently acquired differences exist. Dacie, Lewis and Tills (1960) 
and Lewis, Dacie and Tills (1961) have demonstrated that the erythro- 
cytes of patients suffering from many types of blood disease, particularly 
those associated with dyshemopoiesis, are more sensitive than are the 
cells of normal subjects to lysis and agglutination by high-titre cold 
antibodies. That this sensitivity is in all probability acquired was shown 


NORMAL MEDICAL HAEMATOLOGICAL PNH 


Fic. 159. Percentage hemolysis in the ‘“‘cold-antibody hemolysis 
test”? using serum L.S. (cold-hemagglutinin disease) diluted 
1 in 25, given by 14 patients with paroxysmal nocturnal hzemo- 
globinuria (PNH), 137 normal adults, 181 patients with ‘‘medi- 
cal’? diseases and 201 patients with blood diseases. (From 
Dacie, Lewis and Tills, 1960.) 


by the normal findings in a group of pernicious anzmia patients in 
remission after effective treatment. There was a slight overlap in 
sensitivity to lysis between the cells of some patients with dyshzemo- 
poietic blood diseases and those of patients suffering from mild paroxys- 
mal nocturnal hemoglobinuria (PNH), but taken as a whole the PNH 
cells were markedly more sensitive to lysis than any other type of cell, 
although not to agglutination (Fig. 159). 


Hemolytic Aneemias Possibly Due to Cold Auto-Antibodies of 
Specificity other than I 


Three reports can be quoted, all of different specificities. Hennemann 
and Rasch (1949) demonstrated anti-P in the serum of a pregnant 
woman (P-positive) who may have had a hemolytic anemia, and van 
Loghem and van der Hart (1954b) mentioned a cold auto-ageglutinin of 
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anti-O specificity. Crowley’s (1958) patient was thought to have formed 
a weak ‘“‘non-specific”’ agglutinin and a relatively powerful incomplete 
anti-H active up to 387° C. 


SERUM PROTEINS IN AUTO-IMMUNE 
HAMOLYTIC ANAEMIA 


Warm Antibodies. There is no serum protein pattern charac- 
teristic of auto-immune hemolytic anzemia of the warm-antibody 
type, but minor variations from the normal are not uncommon. 


Charbonnier and Dausset (1953) studied 17 patients: in seven un- 
treated ‘“‘idiopathic”’ cases decreases in x, and £ globulins and rises in 
y-globulin concentration were found and in four secondary cases 
abnormal patterns were found which the authors related to the under- 
lying diseases. Treatment with cortisone or splenectomy seemed to 
result in elevation of the «, and 8 globulins. Fine and co-workers (1954) 
found essentially normal patterns in four “‘idiopathic”’ cases except for 
minor rises in y globulin, and Hennemann and Gillert (1954) who 
studied 11 miscellaneous, mainly secondary, cases of hemolytic anemia 
found on the whole high y-globulin concentrations and occasional rises 
in « and f globulins. Sussman and Sang (1957) studied eight cases, four 
primary and four secondary: again, variable patterns were observed, 
four cases showing rises in y globulin and four in £ globulin. 

Christenson and Dacie (1957) reported on a larger series. Thirty- 
eight patients suffering from the ‘‘idiopathic”’ type of disease were 
studied using the paper-electrophoresis technique. In most instances 
the concentrations of most of the protein fractions fell within the 
normal range; there was, however, a general tendency to a decrease in 
albumin and occasional decreases in «, and £ globulins and rises in 
y globulin. The serum of one patient produced an abnormal peak in the 
B-y region. Nine patients with secondary hemolytic anaemia were also 
studied: the results were similar to those of the “idiopathic”? group 
except for a very large y, peak in a patient who had macroglobulinzemia 
and a marked elevation of y globulin in two patients who had dis- 
seminated lupus erythematosus. 


Fudenberg and Kunkel (1957) studied sera derived from 11 
patients with severe acquired hemolytic anemia of the warm- 
antibody type. Four of these sera gave indirect antiglobulin titres 
of 82 or more, but in none of the sera were any abnormal peaks 
demonstrable related to the antibody. However, in three cases 
studied the greatest warm-antibody titre was demonstrated to 
correspond with the central peak of the y-globulin component. 
Rossi and Bianchini (1957) similarly demonstrated maximum 
antibody activity in the y-globulin fraction of the serum of the 
two patients they studied. 

The serological studies, already referred to (p. 419, ete.), in 
which various globulin fractions have been added to antiglobulin 
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serum also of course provide strong evidence in support of the view 
that the warm auto-antibodies of acquired hemolytic anemia are 
normally (? always) y globulins. 

Cold Antibodies. Abnormal protein patterns are the rule in 
patients who form cold antibodies if these are present in sufficient 
concentration (see below). 

Stats and co-workers (1943) appear to be the first to report on 
electrophoretic studies carried out on a serum containing high- 
titre cold agglutinins (titre, 2560). Absorption of the serum with 
erythrocytes reduced the concentration of y globulin and inspec- 
tion of their figures suggest that the serum gave a small abnormal 
y, peak. Spaet and Kinsell (1953) also demonstrated the y- 
globulin nature of the cold agglutinins present in the serum in a 
case of acquired hemolytic anemia. Segments of filter-paper 
electrophoretic strips of the patient’s serum were investigated for 
their content of cold agglutinins and only the y-globulin fraction 
was found to be active. Similarly, an eluate prepared from 
erythrocytes exposed to the cold agglutinins yielded a homogeneous 
band on electrophoresis which had the mobility of y globulin. 

Rervik (1954) seems to have been the next author to describe 
a protein abnormality demonstrable on electrophoresis: his 
patient, who also suffered from the cold-hemagglutinin disease, 
had a serum which gave a “split f.”” Schubothe (1954) likewise 
reported increase in f, globulin in a similar patient and raised the 
question as to the relationship between the appearance of the 
abnormal serum fraction and the existence of an abnormal auto- 
antibody. Vagues, Zermati and Labrosse (1955) approached the 
subject differently. Using a chemical method of separation, they 
were able to show a general increase in ‘“‘euglobulin I,”’ (a gamma 
globulin) up to six times the normal concentration in patients 
whose sera contained raised concentrations of cold agglutinins. 
They showed, too, that “euglobulin I,’ extracted from serum 
containing cold agglutinins contained the agglutinins at higher 
titres than did the parent serum. 

Christenson and Dacie (1957) reported on 38 patients suffering 
from various types of cold-antibody hemolytic anemia. Their 
findings were as follows: in nine out of ten patients suffering from 
the cold-hemageglutinin disease and in whose serum cold 
agglutinins were present at titres exceeding 8,000 at 4° C., paper 
electrophoresis of their serum showed abnormal y,-globulin peaks 
(Fig. 151); B-globulin concentrations were normal or slightly low 
but «,-globulin concentrations varied rather widely. The albumin 
concentration was subnormal in only one patient. Three of the 
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sera contained cryoglobulins which on concentration were shown 
to have the electrophoretic mobility of the y, peak. Inspection of 
Christenson and Dacie’s Fig. 2 shows that the y, peak occupied a 
variable position in the B-y region, being either midway between 
the B and y, peaks or slightly nearer the 8 position. The remaining 
patients studied, who were suffering from “‘idiopathic’’ hemolytic 
anemia associated with relatively low titre cold auto-agglutinins, 
post-virus pneumonia hzemolytic anszemia, secondary hemolytic 
anemia or paroxysmal cold hemoglobinuria had sera which gave 
less abnormal and distinctive electrophoretic patterns; one serum 
only, that of a patient with reticulosarcoma, gave an abnormal y, 
peak. Of the other proteins, the albumin concentrations were low 
in the groups as a whole, and the «, and «, and y, globulins were 
frequently but not necessarily raised ; the B-globulin concentrations 
were more variable. 

Christenson and his colleagues (1957) described further studies 
of the abnormal y, peaks. In three patients suffering from the 
cold-hemagglutinin disease the peaks were shown to consist of 
cold-antibody protein, by absorption of the serum with erythro- 
cytes, by isolation of the protein by cellulose-column electro- 
phoresis and by elution of cold antibody from erythrocytes. The 
eryoglobulin contained in one of the sera was shown to consist 
wholly, or at least very largely, of antibody protein. Studies in the 
ultracentrifuge showed that the antibody protein forming the y, 
peaks consisted of macromolecular protein of Sy), ~ 16. 

Fudenberg and Kunkel (1957), who published the results of 
studies carried out on eight sera derived from patients suffering 
_ from acquired hemolytic anemia of the cold-antibody type, came 
to the same general conclusions. The agglutinin titres in saline 
varied from 512 to 40,000 and in four of the eight cases sufficient 
abnormal protein was present to form a visible peak on electro- 
phoresis. In most instances the mobility of the abnormal protein 
corresponded to that of fast y globulin, but it was in the centre of 
the y globulin in one instance and in two instances the peak was 
in the f-globulin region. The position of the abnormal peaks was 
found to correspond with the greatest cold-agglutinin activity, and 
the titre could be positively correlated with the height of the peaks. 
Ultracentrifugal studies indicated that the cold agglutinins were 
macroglobulins of the 19 class (see below). 

Rossi and Bianchini (1957) studied four sera containing cold 
antibodies at moderate titres. The sera were subjected to electro- 
phoresis on paper and various fractions were tested for antibody 
activity; in three of the sera the £-globulin fraction was the most 
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active and in the fourth, which contained an “incomplete” cold 
antibody (titre at 20° C., 32), maximum activity appeared to be 
located in the «, fraction. 

Other more recent studies of sera containing high-titre cold 
agglutinins in which abnormal peaks have been demonstrated in 
the B-y region include those of Wiener, Briggs, Weiner and 
Burnett (1958), Ess, Gramlich and Mohrung (1958), Firkin, 
Blackwell and Johnston (1959), Mehrotra and Charlwood (1960) 
and Widermann, Kubikova and Chury (1960). 


Chemical Nature of the Antibodies 


It now seems certain that the warm auto-antibodies of acquired 
hemolytic anemia are 7S (normal-sized) y globulins and, as 
already indicated, that the cold type of antibody is a macroglobulin 
of the 19S class. 

Fudenberg and Kunkel (1957), for instance, subjected four sera 
containing warm auto-antibodies to density-gradient ultracentri- 
fugation. In each case incomplete antibody activity was found in 
the upper fractions with the peak in the 7S y globulin and no 
activity was present in Fraction V, in which the 19S cold agglu- 
tinins were located (see below). 

Cold auto-antibodies have been more extensively studied. These 
are of course relatively easy to isolate by absorption-elution 
methods and are present often in very high concentration. 


Gordon (1953) studied the serum of a patient whose clinical history 
was subsequently recorded by Hawley and Gordon (1954). Cold- 
agglutinin activity was found in the euglobulin fraction of serum and 
relatively pure cold agglutinin was obtained by elution from erythrocyte 
stromata. On electrophoresis of the eluate, 75% of the protein was 
found to be concentrated in one peak and ultracentrifugation showed 
that 65°% of the material flowed with a sedimentation coefficient by 
S'o9,7 18. By sampling the cell at the end of the run the cold-agglutinin 
activity was shown clearly to be associated with the 18S component. 
Schubothe (1954) subjected the serum of a patient suffering from the 
cold-hemagglutinin syndrome to ultracentrifugation and found that it 
contained 12% of macroglobulin; he did not, however, identify the 
macroglobulin with the cold agglutinin. 

Weber (1956) studied five sera derived from patients suffering 
from the cold-hemagglutinin disease and prepared eluates of their 
cold agglutinins from erythrocyte stromata following the technique 
of Gordon (1953). All the preparations were found to behave homo- 
geneously in the ultracentrifuge and to give macroglobulin peaks 
with sedimentation constants ranging from S,., 17-6 to 18-0, mean 
17-8. The molecular weights of the antibodies were calculated to be 
in the range 330,000—850,000. 
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These early studies were confirmed by Christenson and his colleagues 
(1957) and Fudenberg and Kunkel (1957), who identified the cold- 
antibody protein as being of the Sy, 16 or 19S class of macroglobulins, 
respectively. Ess, Gramlich and Mohrung (1958) described serological 
and physicochemical observations made on the serum of a patient who 
had developed a remarkable cold agglutinin (titre, 128,000 at 2° C.) 
following a ‘“‘lymphotropic virus infection.’ Studies of the y, fraction 
of serum in an ultracentrifuge gave a sedimentation constant of S44 
11—14-8, but the authors calculated that the sedimentation constant of 
the cold agglutinin itself might be as high as 52-+-5. 

Mehrotra and Charlwood (1960) have since published further studies. 
Seven samples of eluted antibodies prepared by dissociation of cold 
agglutinin from erythrocyte stromata were studied in the ultracentrifuge 
and sedimentation coefficients (S,,,,) ranging from 17-1 to 18-8 were 
obtained. In most instances the eluates contained as much as 1 g. 
protein per 100 ml., and using these concentrated eluates it was possible 
to show that all contained traces of material still heavier than S4,,, 18. 
Mehrotra and Charlwood also studied the effect of mercapto-ethanol on 
the cold-agglutinin titre of 19 sera derived from patients with haemolytic 
anemia of the cold-antibody type. As expected, the use of a reagent 
known to dissociate disulphide bonds and to cause macroglobulins to 
break up into units of S.), 6-5 produced a marked lowering of the 
agglutinin titres. 


IMMUNOLOGICAL AND IMMUNOCHEMICAL 
STUDIES ON AUTO-ANTIBODIES 


The interrelationships between the warm and cold auto-anti- 
bodies of acquired hemolytic anemia, and their iso-antibody 
counterparts, and the normally occurring 7S and 18S globulins, 
have been studied by immunological and immunochemical means. 
Both individual immunological characteristics and cross-reactions 
have been demonstrated. 

Hackett (1950) and Crawford and Mollison (1951) demonstrated 
cross-reactions between acquired hemolytic aneemia auto-antibody 
and the iso-antibody anti-D by showing by absorption experi- 
ments that they reacted with the same components in antiglobulin 
serum. Crawford and Mollison further concluded that warm auto- 
antibodies and cold auto- or iso-antibodies reacted with different 
components. As has already been mentioned (p. 463), the fact that 
erythrocytes coated with cold antibodies bind on complement was 
not taken into account at that time. 

As has already been discussed in some detail (p. 420), Vaughan 
(1955, 1956) and Vaughan and Waller (1954) reported on further and 
more elaborate work using antiglobulin sera absorbed with a range of 
globulin fractions. They concluded that three types of sensitizing 


material were involved, namely, warm-antibody y globulin, warm- 
antibody “‘non-y” globulin and cold-antibody ‘‘non-y” globulin. But 
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again the possible presence of adsorbed complement was not taken into 
account. 

The present author’s observations on the use of anti-y and anti-non-y 
antiglobulin sera have already been described (p. 482) and the frequency 
has been stressed with which erythrocytes coated with warm auto- 
antibodies react asif protein other than y globulin had been adsorbed. The 
nature of the “‘non-y”’ globulin remains obscure. In some cases, at least, 
it does not seem to be complement, for in cases where successful eluates, 
reacting as y globulin, have been made, these eluates have failed to fix 
complement when the antibodies they contain have been adsorbed to 
fresh normal erythrocytes. More probably, in these cases, the material 
is non-antibody protein fixed to the cell surface perhaps as a consequence 
of ‘“‘damage’’ or alteration to the surface resulting from adsorption of 
the antibody. 


The auto-antibodies have also been studied by preparing anti- 
sera against purified antibody. This has been accomplished many 
times now using eluates of warm antibodies and also cold anti- 
bodies. Certain studies carried out with eluted warm antibodies 
have already been referred to (p. 453). 


Firkin and Blackburn (1956), Firkin (1958) and Firkin, Blackwell 
and Johnston (1959) studied several patients forming cold auto-anti- 
bodies and prepared antisera against the eluted antibodies. Using the 
Ouchterlony plate technique, Firkin and Blackburn (1956) obtained 
reactions of identity between the eluted material and crude f£ globulin 
eluted from paper electrophoresis strips. Firkin (1958) reported on 
further studies using the same technique. Eight patients were in- 
vestigated; three of them formed cold agglutinins, two adults formed 
warm auto-antibodies and two infants suffered from hemolytic disease 
of the newborn. y globulins were identified in the eluates in most 
instances; in one instance a second abnormal protein was demonstrated 
and in another f globulin was identified. Firkin, Blackwell and Johnston 
(1959) in studies on a further patient suffering from cryoglobulinsemia 
and hemolytic anemia prepared an antiserum against the patient’s 
eryoglobulin; the antiserum contained two antibodies, one reacting 
against the cryoglobulin and one against normal y globulin. 


Mehrotra (1960a) worked with eluted cold antibodies derived 
from six patients suffering from the cold-hemagglutinin disease 
and one patient with a hemolytic anszemia secondary to lympho- 
sarcoma. The eluted antibodies were studied by immuno-electro- 
phoretic analysis along with the parent serum against equine anti- 
human serum and by double diffusion in agar gel, along with 
electrophoretically separated y, globulin, against anti-19S y- 
globulin rabbit sera. The protein acting as cold antibody was 
localized in the 8,-M position in each instance on immuno-electro- 
phoresis, and by double-diffusion it was found to be immuno- 
logically identical with the protein forming the y, electrophoretic 
peak of the parent serum. 
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Mehrotra (1960b) obtained evidence which suggested that the 
high-titre cold auto-agglutinins present in the sera of patients 
with various types of hemolytic anemia were immunologically 
distinguishable. He found that when sera from rabbits which had 
been immunized against human cold agglutinins were tested by 
double-diffusion in agar gel against autologous and homologous 
cold-agglutinin-containing sera and against a normal serum, the 
normal serum produced a single band while the sera containing 
high-titre cold agglutinins formed two bands. Moreover, when the 
rabbit sera were further absorbed with excess of normal serum or 
with y, or y, fractions of normal serum, they reacted with the 
autologous serum only, which suggested the presence of individu- 
ally specific groupings in the autologous cold-agglutinin protein. 

To summarize, physicochemical, immunological and immuno- 
chemical studies of the auto-antibodies of acquired hemolytic 
anemia have demonstrated: (1) that the warm types of antibodies 
are 7S y globulins which cross-react with normal y globulin and 
incomplete Rh iso-antibody y globulin as well as with the warm 
auto-antibodies of other patients; and (2) that the cold antibodies 
are 19S macroglobulins of somewhat variable electrophoretic 
mobility, characteristically in the B-y (y,) region, which while 
having individual characteristics cross-react with antisera pre- 
pared against normal or pathological macroglobulins. 


SERUM-COMPLEMENT LEVELS IN AUTO-IMMUNE 
HAMOLYTIC ANAMIA 


Abnormally low serum-complement levels are not infrequent in 
acquired hemolytic anzemia of both the warm- and cold-antibody 
types; occasionally, complement activity may in fact be absent or 
the serum may even be anticomplementary. There appear to be 
two mechanisms which lower serum-complement levels: (1) where 
a large amount of a complement-binding auto-antibody is being 
formed which leads to a severe grade of intravascular hemolysis 
and consequent rapid utilization of complement; and (2) where 
complement activity is lowered, for reasons which are obscure, in 
the absence of evidence for much intravascular hemolysis. 

Most of the patients in the first category have been demonstrated 
to have formed actively hemolytic high-titre cold antibodies, e.g., 
Case 19 of Dacie and de Gruchy (1951), Cases 2 and 3 of van 
Loghem and co-workers (1952) and the cases studied by Jonsen and 
Kass (1959) and Goudemand and Ropartz (1954). The serum of 
one of van Loghem’s cases appeared to be anticomplementary, 
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and Jonsen and Kass were able to show a fall in titre of C’2 and a 
smaller fall in C’l activity when their patient was deliberately 
exposed to cold. 

Notable examples of “‘warm heemolysins” with diminished or 
absent complement activity were described by Dausset (1954) and 
Dausset, Colombani, Jean and co-workers (1957). The serum of the 
first patient was anticomplementary. The patient described as Case 7 
by the present author (p. 439) also suffered from serum-complement 
depletion, probably secondary to intravascular hemolysis. 

Raeder (1955), van Loghem, Mendes de Leon and van der Hart 
(1955), van Loghem, van der Hart and Dorfmeier (1958) and 
Jordan (1958) have all published data on the incidence of lowered 
serum-complement levels in patients forming warm antibodies. 

Raeder found subnormal levels in seven out of 15 patients suffering 
from miscellaneous types of hemolytic anemia; in three patients the 
levels were low throughout their illness, while in four the loss in activity 
was only transitory. In the chronic cases the low complement levels 
may, Raeder suggested, have been due to failure of regeneration as well 
as to increased utilization. van Loghem, van der Hart and Dorfmeier 
summarized their experience by stating that low complement levels 
were found in 20% of patients forming incomplete warm antibodies and 
in 50% of those forming cold agglutinins. Low levels were also recorded 
in patients in whom auto-antibody formation could not be demonstrated. 
Raeder mentioned an analogous case (a patient suffering from pancyto- 
penia). Jordan reported low complement values in three patients with 
immunohemolytic anemia forming warm antibodies as well as in one 
patient with “‘hypersplenism’’; normal values were found in the 
remaining 26 patients studied (excluding four with paroxysmal cold 
hemoglobinuria). 

The present writer’s experience is summarized in Table 45. It 
is particularly noteworthy that in the patient described as Case 13 
by Dacie (1954a), the serum-complement levels remained reduced 


Table 45 


Serum Complement Concentrations in Patients Suffering from ‘‘Idio- 
pathic’? Auto-Immune Hemolytic Anemia 


Type of antibody Complement concentration 
Normal Subnormal Absent 
Warm 8 A 1* 
Cold 0 at 2 


* Case 7 (““warm” hemolysin). 
t Normal concentrations were recorded on other occasions in three patients. 
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and unaltered although the rate of haemolysis was substantially 
diminished by splenectomy. Later, this patient went into almost 
complete hematological remission without, however, any corres- 
ponding rise in complement titre. This type of observation focuses 
attention on deficiencies in complement synthesis or the continuous 
formation of anticomplementary substances as factors which are 
important in some cases in relation to low serum-complement 
activity. 

The low serum-complement levels which are so characteristic of 
active paroxysmal cold hemoglobinuria and the low levels found 
in some secondary hemolytic anzemias, for example in dissemi- 
nated lupus erythematosus, are dealt with in later Chapters. 


“FALSE-POSITIVE” REACTIONS FOR SYPHILIS 


Positive Wassermann and Kahn reactions have been reported 
from time to time in patients with auto-immune hemolytic 
angzmia which seem unlikely to be due to syphilis (Rosenthal and 
Corten, 1987; Kracke and Hoffman, 1943; Lubinski and Goldbloom 
1946; Rubinstein, 1948; Kracke and Riser, 1949; Rosenthal, 
Komninos and Dameshek, 1953; Hawley and Gordon, 1954; 
Hennemann, 1955; Letman, 1957; Jenkins and Marsh, 1961). How 
and why the reactions become positive remain obscure. There is 
some evidence which suggests that the auto-antibody itself, at 
least sometimes, may react with the Kahn or Wassermann 
antigens. For instance, in one patient, although the Kahn reaction 
carried out on the patient’s serum was negative, an eluate made 
from his erythrocytes reacted with the Kahn antigen (Gatman and 
Hamilton, 1949); in the case of cold antibodies, too, Hubinont and 
Massart-Guiot (1955) have stated that the antigen used in the 
Wassermann reaction will absorb cold agglutinins at body tem- 
perature (but see p. 567, in relation to the Donath-Landsteiner 
antibody). From the practical point of view, if the usual sero- 
logical tests for syphilis are positive, the Treponema immobiliza- 
tion test should be carried out, and in all probability it will be 
found to be negative. It is also wise to think of disseminated lupus 
erythematosus as underlying the hemolytic anzmia if the auto- 
antibody is a warm one. 


THE “UNITARY” NATURE OF ANTI-ERYTHRO- 
CYTE AUTO-ANTIBODIES 


Early concepts of the nature of antibodies postulated that 
agglutinins, lysins and opsonins, etc., were separate substances 
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(see Browning, 1931; Zinsser, Enders and Fothergill, 1939). Later, 
the view that the different manifestations of antibody action 
might be explained by a single immune substance acting under 
different environmental conditions gained ground (Dean, 1917). 
A good deal of evidence is now available in support of the latter 
concept (Marrack, 1938; Zinsser, Enders and Fothergill, 1939). 
More recently, however, physical differences (e.g., in sedimentation 
constant) have been demonstrated in respect of the lytic : com- 
bining ratios of rabbit anti-sheep-cell antibodies (Talmage, Freter 
and Taliaferro, 1956), and differences in specificity in respect of 
lytic and agglutinating anti-A (Winstanley, Konugres and 
Coombs, 1957). The question of the “unitary” nature of antibodies 
is thus still unsolved. 

As has already been described earlier in this Chapter, the warm 
auto-antibodies of acquired hemolytic anemia mostly exist in an 
incomplete form and except for evidence of differences in specificity 
between the antibodies of different patients, the antibodies usually 
react in the same way in vitro. Occasionally, however, the anti- 
bodies agglutinate cells in saline suspension and sometimes they 
can be shown to be lytic. However, there is no firm evidence for 
or against the hypothesis that these “‘haemolysins”’ represent a 
separate molecular species. 

Trypsinized erythrocytes are generally agglutinated by the 
incomplete auto-antibodies and this is in accord with what happens 
with anti-Rh antibodies with which the auto-antibodies have so 
much in common. The fact that Rh antibodies do not lyse 
trypsinized cells suggests that when such cells are lysed by acquired 
hemolytic anemia sera, the lytic antibody is a separate entity. 
In support of this is the fact that there is no exact parallelism 
between the antibody titres as indicated by agglutination of 
trypsinized cells and the lysis of trypsinized or PNH cells, 
respectively. 

The problem of the possible identity of agglutinins and lysins 
is of especial interest in relation to cold antibodies which are 
normally (? always) potentially lytic. It seems most likely that 
‘“‘agelutinin-lysin”’ is one and the same antibody. At first sight 
this conclusion appears unlikely, for if cold antibodies are titrated 
using normal erythrocytes, the agglutinin and lysin titres will be 
found to be strikingly different. For example, normal cells may be 
agglutinated at 2° C. by an antibody diluted 1 in 4,000, yet undergo 
only a trace of lysis in the antibody diluted 1 in 4 under apparently 
optimal conditions. This difference could, however, be due to the 
natural insensitivity of human erythrocytes to complement-lysin 
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lysis compared with their sensitivity to agglutination. It is possible 
that it is the surface structure of the normal human erythrocyte 
which is the barrier to lysis. It is less easily explained on the 
hypothesis that an agglutinin is present in high concentration and 
a lysin in low concentration, for the insensitivity of normal cells 
can be overcome to some extent if the serum is suitably acidified. 
Moreover, abnormal erythrocytes such as PNH cells and trypsin- 
ized cells are lysed much more easily and quickly. It is probably 
especially significant that the lysin titre using PNH erythrocytes 
often approximates closely to the agglutinin titre. However, the 
finding by Winstanley, Konugres and Coombs (1957) that lysis of 
normal erythrocytes by anti-A depends upon the presence in the 
human serum of a fraction of antibody (anti-A?), which also 
reacts with pig cells, suggests that both concepts may be valid, 
namely, that agglutinin and lysin are one and the same antibody 
but that some antibodies are much more lytic than others. It is 
perhaps pertinent to remember that PNH cells are lysed to some 
extent by anti-A sera irrespectively of whether the sera are 
capable of lysing normal cells, 7.e., they are lysed by sera free 
from anti-A? as defined above (Dacie, 1949b). 
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CHAPTER 9 
THE AUTO-IMMUNE HAMOLYTIC ANAMIAS 


Il. HEMOLYTIC ANAEMIA FOLLOWING OR ASSO- 
CIATED WITH KNOWN VIRUS INFECTIONS 


ACUTE HAMOLYTIC ANAMIA FOLLOWING 
VIRUS PNEUMONIA 


History. The frequent development of cold auto-antibodies in 
high concentrations by patients suffering from virus (primary 
atypical) pneumonia was first conclusively demonstrated by 
Peterson, Ham and Finland (1943), Turner (1943), Horstmann and 
Tatlock (1943) and Turner and co-workers (1943). However, 
isolated instances of an unusual degree of autohemagglutination 
in patients suffering from respiratory infections had been noticed 
before this. Both Clough and Richter (1918) and Wheeler, 
Gallacher and Stuart (1939) carried out detailed studies on their 
patients’ sera, but the possible connection between the abnormal 
agglutinins and the preceding infection was not appreciated. 
Clough and Richter, finding cold agglutinins in the blood of a 
daughter of their patient, in fact erroneously concluded that the 
abnormality might have been inherited. 

In 19438, Peterson, Ham and Finland, and Horstmann and 
_Tatlock, referred briefly to instances of acute hemolytic anemia 
amongst the patients of their series, and two other possible 
examples were reported by Dameshek (1943). Most of these 
patients had, however, received sulphonamide drugs also and the 
relationship between the anemia and the preceding infection was 
not immediately clear. Subsequently, however, cases were 
reported in patients who had not received chemotherapy and it 
was not long before it was realized that virus pneumonia might 
rarely be complicated by acute haemolytic anemia of characteris- 
tically sudden onset and short duration, quite independently of 
the possible hemolytic effects of drugs used in treatment. 

It is now clear that the hemolytic anzmia results from the 
formation by the patient of high-titre cold auto-agglutinins, of 
high-thermal amplitude and remarkable lytic power in what 
appears to be an exaggeration of the more frequently met with 
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transient cold-agglutinin response to the infection. Whether the 
cold agglutinins develop as the result of a particular type of virus 
pneumonia does not seem to have been settled. Certainly, not 
every patient produced a raised titre even in the early outbreaks 
studied towards the end of the Second World War. Even so, the 
. incidence of raised titres was remarkably high; e.g., it exceeded 
50% in the series published by Finland and his co-workers (1954b), 
Florman and Weiss (1945) and Young (1946). Savonen (1948) 
gives data for the (low) incidence of cold agglutinins at raised titres 
in a wide range of diseases with which these incidences may be 
compared. Finland and Barnes (1954), in reviewing cold-agglutinin 
formation in series of patients suffermg from virus pneumonia 
between the years 1950-56 found a mean incidence of 22%, less 
than half that of the outbreaks in the mid-1940’s. 

The literature on acute hemolytic anemia following virus 
pneumonia is by now extensive. The disease is, however, quite 
rare and judging from personal experience and the literature it is 
becoming still less frequent. This is perhaps but a reflection of the 
apparent scarcity of outbreaks of virus-caused pneumonias. 


Amongst the cases described in the literature are those of Finland 
and co-workers (1945a), Ginsberg (1946), Colmers and Snaveley (1947), 
Battaglia (1947), Besterman and Brigden (1949), Neely and co-workers 
(1951), Siegenthaler (1952), Aaron (1952), Moeschlin and co-workers 
(1954), Pisciotta (1955), Stewart and Friedlander (1957), and Evans and 
Weiser (1957). Other possible examples can be found in the older 
literature, e.g., the second patient described by Giordano and Blum 
(1937) as suffering from an acute haemolytic anemia of the Lederer 
type and the first patient described by Antopol, Applebaum and 
Goldman (1939) who had, however, received sulphanilamide. 

Dacie and de Gruchy (1951) described the serological findings in four 
patients, the clinical history of one of them having been recorded by 
Besteman and Brigden (1949), and this patient and a further patient 
were referred to in more detail by Dacie (1954, pp. 221-225). The author 
has by now studied the serology of 10 patients, over a period of 12 years; 
no fresh cases have been seen for the past 3 years. 


Clinical Features 


When hemolysis occurs after virus pneumonia, it does so usually 
towards the end of the second week or during the third week of the 
patient’s illness. The onset is usually sudden. The patient, who 
may have already recovered from his respiratory infection, 
becomes ill once more with increasing pallor and jaundice, and 
prostration. There may even be hemoglobinuria (Dameshek, 1943; 
Horstmann and Tatlock, 1943; Neely et al., 1951; Stewart and 
Friedlander, 1957). The spleen often, but not invariably, becomes 
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palpable. Both sexes are affected, and most of the patients have 
been adults (Fig. 1382, p. 369). 

In rare instances gangrene of the extremities has developed in the 
course of the illness. Carey, Wilson and Tamerin (1948) described 
how the feet of their patient, a woman aged 31, became gangrenous, 
and impending gangrene of the feet was reported by Stats, 
Wasserman and Rosenthal (1948). Ronnov-Jessen (1950) also 
mentioned that gangrene of the finger-tips developed in an elderly 
man aged 75. In these patients the gangrene was presumably due 
to thrombosis following intense intravascular autohemagglutina- 
tion. } 

Helwig and Freis (1943) made an early and interesting observa- 
tion: this was of intense acrocyanosis of the nose, ears and hands 
following a respiratory infection in a man of 38, diagnosed as 
atypical pneumonia. The cold-agglutinin titre was 5,000 but there 
were apparently no overt signs of hemolytic anemia. Peterson, 
Ham and Finland (1948) also mentioned that phlebothromboses 
and pulmonary emboli had occurred during the latter part of the 
illness or during the convalescence of certain patients, but these 
occurrences, too, were not apparently associated with hemolysis. 


Laboratory Observations 


Autohemagglutination in vitro at room temperature occurring 
immediately after withdrawal of blood is an invariable and striking 
finding. Anemia is often severe and rapidly increases, erythrocyte 
counts as low as 1,000,000 cells per cu. mm. having been recorded. 
The total leucocyte count may be markedly raised (Dameshek, 
1943; Ginsberg, 1946; Neely et al., 1951; Aaron, 1952), counts 
exceeding 40,000 cells per cu. mm. being not uncommon. Horst- 
mann and Tatlock (1943) recorded a count as high as 100,000 per 
cu. mm. in a fatal case. Most of the cells are neutrophils, but 
myelocytes may be present in small numbers. Peripheral blood 
films show in addition to autohemagglutination a variable degree 
of polychromasia, depending upon the stage of the disease, and as 
a rule moderate to marked spherocytosis. There may be evidence 
of erythrophagocytosis (Pisciotta, 1955). Erythrocyte osmotic 
fragility is usually increased to a moderate degree. 

The patient described by Moeschlin and co-workers (1954) was 


1 A possible early example was described by Pepino (1942). Extensive sym- 
metrical gangrene followed a pulmonary infection in a woman aged 57. The 
urine was stated to contain much urobilin and the hemoglobin was 70%. The 
presence or absence of auto-agglutination was, however, not mentioned. 
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remarkable in that the hamolytic episode was followed by an epi- 
sode of severe granulocytopenia and mild thrombocytopenia. The 
leucopenia which was marked for 1 month and persisted for a year 
was thought to be caused by incomplete auto-leuco-agglutinins. 

The serum bilirubin concentration is usually raised to between 
-l and 3 mg. per 100 ml. The plasma-hemoglobin level is almost 
invariably above normal and methzmalbumin is usually demon- 
strable in the acute phase of the hemolysis. Haptoglobins are 
absent. 

Aaron (1952) reported a temporary rise in serum-globulin con- 
centration to 5-6 g. per 100 ml. in one case. Christenson and Dacie 
(1957) studied the sera of ten patients by paper electrophoresis. 
The protein pattern was generally that of an infective disease: the 
albumin was low and the « and y globulins raised, but no abnormal 
peaks or cryoglobulins were detected. 


Serology 


In all the cases so far recorded the abnormal antibodies have 
been of the cold variety. The cold-agglutinin titres at the time of 
onset of hzemolysis have been reported as being within the range 
512 to 32,000 at 2-4° C., and it is interesting to note that the 
highest concentration of antibodies (titre 82,000) was found in the 
serum of the patient whose feet became gangrenous (Carey, Wilson 
and Tamerin, 1948). The rise and fall in the cold-agglutinin titre 
of a patient described by Dacie (1954, Case 15) is illustrated in 
Fig. 160. Summarized data on serological findings were given by 
Dacie and de Gruchy (1951), Dacie (1954, p. 219) and Dausset and 
Colombani (1959). 

Personal Observations. The author’s own data are summa- 
rized in Table 46. Cold-agglutinin titres using normal erythrocytes 
varied from 2,048-8,000 at the height of the patients’ illness and 
agglutination was demonstrable to at least 30° C. in each case 
where this was tested for. Auto-agglutination did not, however, 
occur at 37° C. 

The antibodies are potentially lytic and in severely-ill patients 
they typically produce rapid lysis of normal erythrocytes at 20° C. 
and 30° C., usually, however, only if the serum is suitably acidified 
(optimum, pH 6-5-7-0). In the first patient studied (Dacie, 1949), 
lysis occurred so rapidly at 20° C. and 30° C. that it was not 
realised at first that the lysin was a cold one and that lysis did not 
take place at 37° C. Trypsinized erythrocytes are strongly lysed 
by the antibodies at 20° C. and 380° C. and with four out of nine 
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sera there was clear lysis at 37° C. PNH cells were lysed by seven 
out of eight sera at 37° C. 

The direct antiglobulin test was positive in each case at the 
height of the patients’ illness even if the blood was collected directly 
into saline previously warmed to 37° C.: the reaction was of the 
non-y-globulin type. The indirect antiglobulin test was always 
strongly positive at 20° C., and the reaction was sometimes but 
by no means invariably stronger using acidified serum. With five 


2 
MONTHS 


Fic. 160. The rise and fall in the cold-agglutinin titre and the 
accompanying changes in hemoglobin concentration in a patient 
who developed acute hemolytic anemia following virus pneu- 
monia, M.A. (Case 15 of Dacie, 1954). C.A. = cold-agglutinin 
titre at 2° ©. 


out of eight acidified sera the reaction was positive at 37° C. and in 
two out of seven instances using unacidified serum. 

These results and the rapid lysis of normal erythrocytes at 30° C., 
and of trypsinized cells and PNH cells often at 37° C., illustrate 
the high-thermal amplitude and the unusual lytic potency of the 
antibodies. They are in many respects similar to the cold anti- 
bodies developed by patients suffering from the very chronic cold- 
hemagglutinin syndrome (cf. Table 31). However, the antibodies 
in the post-virus pneumonia cases on the whole are present in 
lower titres; their thermal amplitude is, nevertheless, at least as 
high, and they are at least as actively lytic in vitro. These points 


5380 Hamotytic ANZMIA FOLLOWING Virus INFECTIONS 


are illustrated in Table 52, in which the lytic potencies of a serum 
from a patient with post-virus pneumonia hemolytic anemia are 
compared with those of sera from patients with the cold-hem- 
agglutinin syndrome and paroxysmal cold hemoglobinuria, 
respectively. 


Although the reactions of the antibodies the author has investigated 
have in general been similar, there have been interesting minor varia- 
tions, as scrutiny of Table 46 will demonstrate. 

The serum of Case 16 of Dacie (1954) was particularly interesting. 
Although it undoubtedly contained a high-titre cold agglutinin, normal 
erythrocytes were apparently sensitized, in the presence of fresh serum 
only, to agglutination by antiglobulin serum as intensely at 37° C. as 
at 2° C. or 20° C. The serum of Case 15 of Dacie and de Gruchy (1951) 
(A. S., Table 46) was also unusual. At the time of this patient’s hzeemo- 
lytic crisis her serum contained a factor which quickly lysed trypsinized 
normal erythrocytes; the optimum temperature for this factor was 
approximately 37° C., the lytic titre being lower when sensitization was 
carried out at 20° C. The ‘“‘warm” lytic factor disappeared from the 
patient’s serum during convalescence. The other sera the author has 
investigated, with the exception of that of G. A. (Table 46), behaved in 
exactly the opposite and more orthodox way, that is to say, lysis of 
trypsinized cells took place at 20° C., but not at all or to a markedly 
lesser degree at 37° C. 

As with sera from patients with the cold-hemagglutinin syndrome, 
lysis of normal erythrocytes is usually far better demonstrated at 20° C. 
or 80° C., preferably using acidified serum, than by the cold-warm 
(0° C.->87° C.) Donath-Landsteiner procedure using unacidified serum 
(Table 52). The orthodox Donath-Landsteiner test may thus give 
negative results. In the case described by Stewart and Friedlander 
(1957) lysis was, however, apparently best demonstrated in this way. 

The author has tested three sera (I. P., M. T., E. F., Table 46) for 
their ability to agglutinate ‘‘I-negative’’ and cord-blood erythrocytes. 
The results are shown in Table 47. In only one case (I. P.) were the 
adult ‘*‘I-negative’’ cells strikingly less sensitive than the normal adult 
I-positive cells, but the cord-blood cells were less sensitive in each case 
to a greater or lesser extent. These discrepancies underline once more 
the subtle patient-to-patient differences in antibody activity. 

The individual variations and the complexity of the response to the 
stimulus of virus pneumonia is further shown by the fact that certain 
patients develop heterophile antibodies against sheep or fowl erythro- 
cytes (Aaron, 1952; EKyquem et al., 1953), and by some sera giving 
positive Wassermann and Kahn reactions (Florman and Weiss, 1945; 
Kreis, 1947; Aaron, 1952). 


Prognosis 


The prognosis in hemolytic anemia following virus pneumonia 
is generally good, for hemolysis is essentially short-lived. Although 
some deaths have been recorded (Horstmann and Tatlock, 1943; 
Finland et al., 1945a), most patients seem to recover completely. 


581 


SEROLOGICAL DATA 


= + 
= + 


— | | | | | — —  — _ | | | | | | | | 


D0 oL€ | (0 006] “0 o4€ | (0.06 ] “0 okf 


0-8 Hd 


sie 
++ 
= 
+H 
+ 
a 


0-8 Hd 


S[[90 [VULION 


‘UOIVAIOSGO OU Sa40Tep 


es 
+ | ++] 99 
++] ++] of 


I+ 

4 
Ke) 
ir! 


.0-2-4-9 Hd 


qsoq ULNGo[syWe yoor1pUy 


993 


000‘F 
9c% 


StS 
SI. 

FZ0T 
FZ0'T 
FZ0'T 


‘OD 006 


(a1919) sTI90 
HNd 


“+ SMOMVUIZN[SSe IO SISAT OU SoJOUSpP — 


Ze Ze ce pos ee 
0 #9 =\ eet Se 
91 | ar¢ ee ee 
7 | ee 
0 #9 ee ay 
0 b 4s 
0 Ze ee ee ee 
0 OT ee 
*9 #9 Sf cr 
"Doh | “0 008 |°D oL8} "0 003] °O oL8] 0 008 
0-8 Hd osHd | 02-99 Hd 


(9.1919) s]]99 
poztursd Ary, 


SISA'T 


S][90 [BUIION 


y> 


(01919) 
"2 008 


99% 
#9 

79 
$Z0'T 


8ZI 
ole 
96% 


996 
996 


(01314) 
1) 0 


S][90 [VULION 


(9.1919) 
io) oP-G 


osy 
*xog 


TornVeuUrgn[ss y 


(FS6T ‘aoe “9 
(FS6T ¢ apc“ 


oH our < 


Ae yOd 


ase 


qj) |S, os PAHS 


SUOTIVUINNISSY IO SISAT JO SOIJISUOJUT oJoUSpP F pue + *F+ °++4 


osB)) 
988) 


piUoUNnaug sni.A sumopof pwuaup syhjowmyz worf surisaf[ng syuayng ua, uo vyoq jw91s0j0.Lag) 


9F 2199L 


—— 


Hamotytic AN&MIA FOLLOWING Virus INFECTIONS 


582 


UOT}VUTNISSe OU SoJOUsDP — fuUOTZeUTINI{Sse Jo 


Soevi1sap Jessa] 9yoUNp F pue + ‘F 4+ 6+4'+4+4 °F +44 SuoNeUnN[sse ofo-poyeu ssuoqul AIOA soyousp + + + + 


ass a = = sa Sila a 0G 
= a AP iAP Sar ae Aspen ce > a ae 0G 
= = a0VI} + + +++ 0z 
a = - s5 ick le lea Ar 0G 
= cE: oh Smee a ar oe eee oe 0G 
= = ae saa + + 0G 
= —_ = lp spear ae ae ates tes te 0G 
7 a rad + “he aes a 0G 
ie = ae = v0B1Y + OG 
= = Pes = JBI} a 0G 
aad = + = ang Se al 0G 
ne osc T 8 poeUt oLutt = FUT L Ur roe 
oinyeredurs J, 


SUOI}NIIp WINES 


< OATYVSIU-T,, 
dAT}ISOd-T 
(aseostp 


UIUTJNSSVULVyY-Pp]oo ‘6 9seV) 


0 Se 


pao) 
x3 dAT}ESOU-] 9 
dATPISOd-] 


“ACA 


P10) 

66 OATYVSOU-] cy) 

dAT}ISOd-] 

(PS6L “oe ‘9T ase) 
TW 


p10) 
66 dAT}BSOU-] 2 
dATIISOd-] 

‘d ‘I 


s][eo pue wunses 


aspasig” UUYNISSDWUD F{-PjO) ay} 
wmoLf sursaf[ng quayog vp Wolf wNnLag D puv DYuoMNnaug snitg suimopnof nuMup syhjowmyzy woif suuaf[ng syuayog 
daly, WoLf Diag hq uoyouynssp 0} sajhoosyjhisg poojg-p1og pup ,.aayvsan-],, ‘aaysog-7 fo hyoysuayg aayoivdwo) 


LP A9OL 


PROGNOSIS 5383 


Sacks, Workman and Jahn (1952) stated that this was so in 38 out 
of 35 patients. 

The onset of anzemia and recovery, and the rise and fall in cold- 
agglutinin titre of one of the author’s patients is illustrated by 
Fig. 160, and the changes in antibody activity during recovery is 
shown, in another patient, in Fig. 161. The loss of the serum’s 
ability to agglutinate normal cells at 27° C. is believed to be 
particularly significant in relation to recovery, the titre at 2° C. 
having fallen off only by one tube. 
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Fic. 161. The changes in cold-antibody concentration in the serum of 
a patient recovering from acute hemolytic anemia following 
virus pneumonia, M.T. (Case 16 of Dacie, 1954). 


‘Etiology and Pathogenesis 


The exact cause of the development of high-titre cold antibodies 
following virus pneumonia is not known. Virus particles have not 
been demonstrated adsorbed to the patient’s erythrocytes (Evans 
and Weiser, 1957), and it seems more likely that the cold anti- 
bodies develop as part of the immune response to the infection. 
A further discussion on the relationship between infection with 
viruses and auto-immune hemolytic anemia will be found in 
Chapter 11 (p. 585). The pathogenesis of the hemolysis is con- 
sidered on p. 6382. 
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Treatment 


The patients should be kept warm in bed. This is particularly 
important as chilling is likely to cause an increase in hemolysis. 
This is illustrated by the case report of Colmers and Snaveley 
(1947) whose patient was sponged with iced alcohol in an attempt 
to treat her hyperpyrexia. On the following morning she was 
moribund. 

Transfusion should be reserved for the most severely anzmic 
patients, and it is probably advisable to warm the transfused blood 
to body temperature before administration. (The selection and 
cross-matching of blood for transfusion in cases of acquired 
hemolytic anzemia is considered in Chapter 12.) 

There seems no reason to contemplate splenectomy in acute 
hemolytic anemia following virus pneumonia, as the episodes of 
hemolysis seem invariably to be of short duration. The same 
applies to treatment with steroids or ACTH. However, if hamo- 
lysis is unusually severe, or if the diagnosis is in doubt, these drugs 
should be used (see p. 682). ACTH therapy was in fact considered 
by Moeschlin and his co-workers (1954) to have saved the life of 
their patient. 


ACUTE HEMOLYTIC ANEMIA ((?) AUTO-ANTIBODY 
TYPE) ASSOCIATED WITH INFECTIOUS 
MONONUCLEOSIS 


A small number of instances have been reported of an acute 
hemolytic episode occurring during the course of an illness 
indistinguishable from infectious mononucleosis. 


Dameshek (1948) described a possible case (the patient had also 
received sulphadiazine) and further examples have since been reported 
by Riva (1946), Petrides (1948), Ellis, Wollenman and Stetson (1948), 
Wilson, Ward and Gray (1949), Appelmaz and Morrison (1949), Small 
and Hadley (1950), Sawitsky, Papps and Wiener (1950), Huntington 
(1951), Berté (1951), Mermann (1952), Gall and Archer (1953), Samuels 
(1953), Punt and Verloop (1955), Thurm and Bassen (1955, two cases), 
Crosby and Rappaport (1956), Fordham (1956), Evans and Weiser (1957, 
two cases), Bean (1957), Hortemo (1958), Di Piero and Arcangeli (1958), 
Perrier and Rousso (1959), Hyman (1959) and Green and Goldenberg 
(1960). The complication is clearly rare; only one patient has been 
studied in the author’s laboratory (Rossi, 1958; Hyman, 1959), in a 
period of 14 years. 


Clinical Features. As with hemolytic anemia following virus 
pneumonia, the hemolysis associated with infectious mono- 
nucleosis, although it may be severe, is typically transient and 


LABORATORY OBSERVATIONS 535 


recovery may be expected within a few weeks at the most. An 
exception is Thurm and Bassen’s (1955) Case 2. In this patient, 
who, however, also suffered from Mediterranean anzemia, hemolysis 
persisted for at least 3 months. 

The clinical features seem to be less uniform than in hemolytic 
anemia following virus pneumonia. For one thing, although in 
most instances the signs of abnormal hemolysis have developed 
1-2 weeks after the onset of the illness, this does not seem always 
to be so and in some instances features of infectious mononucleosis 
and hemolytic anzmia appear to have developed simultaneously. 

The clinical symptoms and signs of infectious mononucleosis 
have been indefinite in many instances, although sore throat and 
enlargement of lymph nodes and the spleen have usually been 
found at some stage in the illness. Most of the patients were at 
first acutely ill, with high fever, and then became weak, anzemic 
and jaundiced. The patients of Ellis, Wollenman and Stetson 
(1948), Appelman and Morrison (1949), Crosby and Rappaport 
(1956) and Green and Goldenberg (1960) had hemoglobinuria; in 
most reports the urine has been said to contain urobilin but not 


bile. 


Laboratory Observations 


Anemia is usually moderately severe, and spherocytes and 
increased osmotic fragility have been reported in most but not in 
all cases. In the majority of patients the hemolytic episode has 
been short-lived, and has been associated with a marked reticulo- 
cytosis, often most marked during the recovery period. The 
maximum leucocyte counts varied, according to the case reports 
cited above, from 8,800 to 42,600 cells per cu. mm., the percentage 
of lymphocytes ranging between 33% and 80%. A large proportion 
of the lymphocytes have been said to be typical of infectious 
mononucleosis. 

Serology. Heterophile agglutinins at high or very high titres 
have been found in the sera of all the patients at some time in their 
illness, often diminishing in titre with the patients’ recovery. In 
many reports, e.g., those of Small and Hadley (1950), Berté (1951), 
Huntington (1951), Hall and Archer (1953), Crosby and Rappaport 
(1956), and Green and Goldenberg (1960), it is specifically stated 
that the anti-sheep cell agglutinins were not absorbed by guinea- 
pig kidney, 7.e., the antibodies behaved as does the antibody of 
infectious mononucleosis. 

Investigations for the presence of anti-human erythrocyte anti- 
bodies have been less regularly and thoroughly carried out. The 


586 Hamortytic AN&MIA FoLLOWING Virus INFECTIONS 


results have been divergent and confusing and no single pattern 
stands out. However, in some of the cases at least, evidence of an 
auto-immune mechanism has been forthcoming. 


Dameshek (1943) reported that an auto-agglutinin was present in the 
serum of his patient which was most active at room and ice-box tem- 
perature. Appelman and Morrison (1949), on the other hand, stated 
that tests for cold agglutinins and the Donath-Landsteiner test were 
negative. Sawitsky, Papps and Wiener (1950) reported that both the 
direct and indirect antiglobulin tests were positive, and Huntington 
(1951) that the direct test was positive. Berté (1951) stated that auto- 
lysins were present active at room temperature, but gave no details; 
tests for cold agglutinins were negative. Mermann (1952), on the other 
hand, observed a rise in the cold-agglutinin titre of his patient’s serum 
from 128 to 2,048. Hall and Archer (1953) reported the presence of 
auto-hemagglutination and mentioned that the direct antiglobulin test 
was positive. 

Later investigators have similarly indicated a variety of serological 
findings. Reports in which the direct antiglobulin test was positive 
include those of Samuels (1953), Crosby and Rappaport (1956), Fordham 
(1956), Hortemo (1958), Perrier and Rousso (1959) and Green and 
Goldenberg (1960), while reports in which the reaction is specifically 
stated to have been negative include those of Punt and Verloop (1955), 
Thurm and Bassen (1955), Evans and Weiser (1957), Bean (1957) and 
Di Piero and Arcangali (1958). 

Cold agglutinins at a moderate titre (128 at 15° C.), which disap- 
peared on recovery, were reported by Punt and Verloop (1955), and 
auto-agglutination which prevented blood grouping and a cold- 
agglutinin titre of 64 were noted by Crosby and Rappaport (1956); a rise 
in agglutinin titre against trypsinized erythrocytes, followed by a fall, 
was observed by Di Piero and Arcangali (1958) and a cold-agglutinin 
titre of 256 at 3° C. by Green and Goldenberg (1960). 


The observations of Ellis, Wollenman and Stetson (1948), Evans 
and Weiser (1957) and Rossi (1958) were more extensive and 
important. Those of Ellis, Wollenman and Stetson appear to be 
unique. The history of their patient suggested virus pneumonia, 
but the blood picture was in favour of a diagnosis of infectious 
mononucleosis; the antibody apparently resembled the Donath- 
Landsteiner antibody. 


Their patient was a man aged 21 years who was admitted into hospital 
with a history of having passed ‘‘bloody”’ urine for the previous 3 days, 
and of having become weak and breathless upon exertion. Two weeks 
previously he had had an upper respiratory tract infection, associated 
with headache and anorexia, for which he had had no treatment. 

On examination he was found to be pale and slightly icteric. The 
liver and spleen were just palpable and were tender. An enlarged lymph 
node was palpated in the left auricular region, but elsewhere his lymph 
nodes did not seem to be enlarged. His temperature was 99-4° F. 

The day following admission an acute hemolytic episode developed ; 
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hemoglobinuria was intense and the patient’s hemoglobin concentra- 
tion fell from 12-2 g. per 100 ml. to 5-9 g. per 100 ml. in 5 hours. The 
total leucocyte count rose to 24,300 cells per cu. mm., 64% of the cells 
being lymphocytes similar to those seen in infectious mononucleosis. 
Agglutinins against sheep erythrocytes were present to a titre of 1,024. 
Cold agglutinins against human group-O cells were also present, their 
titre at 4° C. being 256. Agglutination also took place at room tempera- 
ture and this did not completely disperse at 37° C. Normal human 
erythrocytes suspended in fresh patient’s serum and chilled at 4° C. 
underwent lysis when subsequently incubated at 387° C. (a positive 
- Donath-Landsteiner test). This test was still positive 7 weeks later at 
a time when the patient had practically recovered; it was negative when 
repeated 2 years later. The Wassermann and Kahn tests were negative. 

The patient was critically ill for 2 weeks during which time he was 
transfused with 7 litres of blood. Eventually he made a complete 
recovery. 


Evans and Weiser’s (1957) observations, on two patients, were 
largely negative but are of great interest nevertheless. The 
erythrocytes of the first patient gave at the most a trace of 
agglutination in antiglobulin serum, which disappeared later, and 
trypsinized cells were also weakly, but transitorily, agglutinated 
at 37° C. in the patient’s undiluted serum. The tests were entirely 
negative with the cells and serum of the second patient. Evans 
and Weiser concluded that the hemolysis was unlikely to be due 
to the direct effect of virus. They concluded that an auto-antibody 
of unusual type, not readily demonstrable by the currently avail- 
able tests, was more likely to be responsible. 

Rossi (1958) reported on some detailed studies carried out in 
the author’s laboratory on the patient whose history was re- 
ported by Hyman (1959). This patient, a boy 16 years of age, 
was admitted into hospital with approximately a fortnight’s 
history of pyrexia, enlarged lymph nodes and jaundice. On 
admission his hemoglobin was 6-5 g. per 100 ml., the reticulocyte 
count was 39%, and total leucocytes 7,000 per cu. mm., including 
atypical lymphocytes. The Paul-Bunnell test was positive to a 
titre of 5,120. 

Rossi found that the direct antiglobulin test was negative with 
the standard sera used but was weakly positive, using glycerol- 
preserved cells, when carried out subsequently using an anti- 
globulin serum prepared against the patient’s own whole serum. 
No abnormal anti-human erythrocyte antibodies could be demon- 
strated using albumin, the indirect antiglobulin technique or 
trypsinized cells. Rossi, however, found that the patient’s erythro- 
cytes were insensitive, compared with normal cells, to sensitization 
by incomplete anti-D or by the abnormal warm auto-antibodies 
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present in certain sera derived from patients with auto-immune 
hemolytic anemia or by warm-antibody-containing eluates 
derived from their cells. 

The above results, unless they can be explained by the high 
proportion of possibly insensitive reticulocytes present in the 
original specimen of patient’s blood tested, suggest that his 
erythrocytes may have been “coated”? by an unusual type of 
‘‘blocking”’ auto-antibody. 

It is clearly not possible from a study of the reports quoted 
above to obtain a clear picture of the nature of the antibodies 
presumed to be responsible for the patients’ hemolytic anzemia. 
Cold agglutinins at high titres do not appear to be regularly formed, 
and it may well be that the actual type of auto-antibody differs 
from patient to patient. 

Clear-cut evidence of auto-antibody formation has only been 
demonstrated in a minority of the published cases and no studies 
of eluted antibodies seem to have been carried out. The mechanism 
of hzemolysis in those cases in which all serological tests seem to be 
completely negative remains a mystery. 

Nevertheless, the infective agent of infectious mononucleosis 
certainly has the power to stimulate antibody production. 
Although this is characteristically heterophile, other serum changes 
which result in positive Wassermann and Kahn reactions some- 
times occur, as they do following virus pneumonia. Whether the 
development of auto-antibodies is due to infection with a variant 
of the presumed virus or due to an unusual antibody response on 
the part of the patient remains to be seen. The variety of sero- 
logical changes found makes the latter hypothesis seem the more 
likely. 


Treatment 


As already mentioned, early spontaneous recovery may be 
confidently expected in hemolytic anzemia complicating infectious 
mononucleosis and where hemolysis is of only moderate intensity 
and adequately compensated for by the patient no treatment seems 
necessary. In more serious cases steroids should be given exactly 
as in “idiopathic”? auto-immune hemolytic anzmia (see p. 682). 
Transfusion should be reserved for the most seriously-ill patients, 
but as the transfused blood may be expected to have a very short 
survival (e.g., 'Cr Ti, 4 days and 6 days, respectively, in Evans 
and Weiser’s (1957) two patients), benefit will be transitory. 

Splenectomy need not normally be contemplated—spontaneous 
recovery should make consideration of this unnecessary. This has, 
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however, been carried out at least twice, by Wilson, Ward and 
Gray (1949) and in Case 2 of Thurm and Bassen (1955). The latter 
patient was, however, exceptional for he was known to have 
Mediterranean anemia and the complicating infectious mono- 
nucleosis appeared to initiate a hypersplenic syndrome; splenec- 
tomy was undertaken with some benefit after the illness had lasted 
3 months, during which time the patient had received six trans- 
fusions. 


HAMOLYTIGC ANAMIA FOLLOWING OTHER 
VIRUS INFECTIONS 


As will be discussed in Chapter 11, viruses have to be seriously 
considered as possible etiological agents in the chain of events 
Jeading to auto-immune hemolytic anemia. The explosive onset 
of hemolysis, in some cases, developing where previous health has 
been excellent, seems certainly to point to infection as a possible 
cause, and earlier in this Chapter descriptions have been given 
where hemolytic anzemia seems without question to have been 
initiated by preceding virus pneumonia or infectious mono- 
nucleosis. Acute hemolysis developing following other known 
infections is much less well authenticated and even less frequent, 
but there are nevertheless a small number of reports where the 
association of heemolysis and the preceding infection has been such 
as to make coincidental illness appear unlikely. Thus acute 
hemolytic anemia following or associated with influenza, Cox- 
sackie virus-A infection, measles, varicella, encephalitis and herpes 
simplex infection have been described, as well as more chronic 
hzemolysis in virus hepatitis (see Chapter 14). 

Influenza A. Laroche and co-workers (1951) described a patient 
who developed an acute hemolytic episode in the course of 
influenzal pneumonia. Serological tests indicated influenza type-A 
infection. The onset of the patient’s anemia was related to the 
formation of high-titre cold antibodies, and it certainly seems 
difficult to exclude the possibility of a concurrent infection with 
the virus of virus pneumonia. However, further apparent examples 
of the association have been described by Ventura and Aresu 
(1957), Beickert and Spréssig (1959) and d’Oelsnitz, Vincent and 
Lippmann (1959). Ventura and Aresu’s patient was acutely ill 
and developed hemoglobinuria and was found to have formed 
high-titre high-thermal-amplitude lytic cold auto-antibodies. 
Influenza was not proved serologically, but the illness occurred 
during an outbreak of ‘“‘Asiatic”’ influenza from which the patient’s 
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brother had suffered a few days previously. Beickert and Spréssig’s 
patient also had an acute hemolytic episode. The antiglobulin 
test was strongly positive but cold agglutinins were not formed. 
The patient, who also had polyarthritis and mild thrombocytopenic 
purpura, responded well to steroid therapy. The Hirst reaction 
was positive with Singapore, FM! and Lee viruses. d’Oelsnitz, 
Vincent and Lippmann’s patient also developed, during an 
influenza epidemic, an acute transient attack of hemolysis. The 
antiglobulin test was positive but no cold agglutinins were formed. 
The Hirst reaction was positive with influenza A virus. It is 
certainly difficult to believe that infection in these cases did not 
precipitate the hemolysis. 

Coxsackie Virus-A. Betke and co-workers (1953) reported 
isolating the Coxsackie virus-A from the feces of a boy aged 3 
years who was suffering from an acute hemolytic anemia. They 
were also able to show that the patient’s serum contained anti- 
viral neutralizing antibodies in high concentrations during his 
convalescence. Vivell (1954) reported a further case, in a child 
aged 1 year. The direct antiglobulin test was positive and Cox- 
sackie virus-A was isolated on several occasions from the child’s 
blood and feces. Clinical improvement was associated with 
inability to isolate the virus. Vivell also referred to an earlier case 
in which a “‘parapolio”’ virus was isolated. 

Measles. An example of acute hemolytic anzmia associated 
with the formation of a cold antibody of the Donath-Landsteiner 
type, which appeared to follow an attack of measles, is referred 
to in Chapter 10 (p. 571). A similar history was obtainable also in 
one of the author’s patients, a child aged 6 years, who developed 
an ultimately fatal auto-immune hemolytic anemia of the warm- 
antibody type. 

Varicella. Borbolla and Barquet Chediak (1953) described the 
onset of auto-immune hemolytic ansemia in a 6-year-old child 
during convalescence from varicella. The antiglobulin test was 
positive and the Kahn and Paul-Bunnell tests were also both 
transitorily positive. It is possible that this child had infectious 
mononucleosis. 

Encephalitis. Unger, Wiener and Dolan (1952) reported the 
occurrence of neonatal hemolytic anzemia in an infant born with 
signs of encephalitis. Cold agglutinins were present in the child’s 
serum to titres exceeding 1,000 units. No abnormal antibodies 
were, however, found in the mother’s serum. 

Herpes Simplex Infection. Todd and O’Donohue (1958) 
described the case of a child who 4 days after the onset of a throat 
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infection became extremely ill with acute hemolytic anemia. A 
few herpetic lesions were noted on the inside of the cheeks. The 
child recovered on transfusion and steroid therapy and a rising 
titre of complement-fixing antibodies against herpes simplex virus 
was found during convalescence. The auto-antibody had the 
specificity anti-e. 
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CHAPTER 10 
THE AUTO-IMMUNE HAMOLYTIC ANAMIAS 


IV. PAROXYSMAL COLD HAMOGLOBINURIA, 
SYPHILITIC AND NON-SYPHILITIGC 


THE passage of urine containing hemoglobin and/or methzemo- 
globin in solution (hzmoglobinuria) as the result of exposure to 
cold is the essential clinical feature of paroxysmal cold hemo- 
globinuria (PCH). In recent years it has become widely accepted 
that this may develop as the result of at least two apparently 
distinct disease processes (Stats and Wasserman, 1943; Becker, 
1948; Ferriman et al., 1951; van Loghem ef al., 1952; Hennemann, 
1957; Schubothe, 1958, 1959, etc.). The more familiar “‘typical”’ 
form of paroxysmal cold hemoglobinuria is that usually attributed 
to syphilis: the less familiar type occurs in association with 
Raynaud’s phenomena and chronic hemolytic anemia of the cold- 
antibody type, the cold-hemagglutinin syndrome, as already 
described in Chapter 7 (p. 366). ‘“‘Typical’’ paroxysmal cold 
heemoglobinuria will be discussed in the following pages, and some 
evidence will be presented which suggests that whereas syphilis is 
often an etiological factor, this is not always thecase. Itseems that, 
like the other auto-immune hemolytic anzmias, paroxysmal cold 
heemoglobinuria cannot be looked upon as asingle clear-cut disease. 

History. Of all the hemolytic anzemias, paroxysmal cold hemo- 
globinuria was the first to be recognized, and there are in fact 
many excellent clinical accounts of the disease in the nineteenth- 
century medical literature. At first sight this seems remarkable, 
but when it is remembered how striking a symptom and sign is 
hemoglobinuria, compared with pallor or jaundice, the relatively 
easy recognition of PCH (and a little later of march hemoglobinuria 
and paroxysmal nocturnal hemoglobinuria) becomes understand- 
able. Dressler (1854) is generally credited with the differentiation 
from hematuria of a case of intermittent “‘chromaturia.” His 
ten-year-old patient may have been a congenital syphilitic. In 
England the disease had been imperfectly described earlier by 
Elliotson (1832), whose patient had heart disease and cold ‘“‘fits,”’ 
and passed bloody urine ‘‘whenever the east wind blew.” It was 
remarkably accurately described by Harley (1865), Dickinson 
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(1865) and Hassall (1865). All three physicians realized that 
exposure to cold precipitated their patients’ attacks and that the 
urine contained blood pigment but no blood corpuscles. Dickinson 
considered that the disorder was due to an alteration in the blood 
and likened the urine to that in arsine poisoning! They, neverthe- 
less, described the condition as (intermittent or winter) hematuria. 
The term hemoglobinuria was, according to Nabarro (1954), first 
used by Secchi (1872), but it is by no means certain that his patient 
was in fact suffering from PCH. The first observation indicating 
that the blood pigment in the urine might be derived from heemo- 
globin liberated into the plasma and that it was not of renal origin 
seems to have been made by Kuessner (1879) who found that 
serum obtained by cupping was tinged red if obtained during an 
attack of haemoglobinuria. It was at about this time that Rosen- 
bach (1879, 1880) published his account of the production of 
attacks of hemoglobinuria by the immersion of the patient’s feet 
in ice-containing water—Rosenbach’s test. This work was 
extended by Ehrlich (1881a,b, 1891) who showed that if an elastic 
ligature was placed around a finger which was then chilled in ice- 
water, serum subsequently obtained from the finger would be 
heemolysed—a positive ‘‘ Ehrlich’s test.” 

Gétze (1884) and Murri (1885) seem to have been the first to 
have called attention to the etiological relationship between 
syphilis and paroxysmal hemoglobinuria. 

The disease was the subject of a monograph by Chvostek in 
1894, and by the end of the nineteenth century its clinical features 
were fairly well known. Nothing was, however, known of its 
pathogenesis although Ehrlich and Morgenroth in 1899 had 
suggested that paroxysmal hemoglobinuria might be due to 
amboceptor-alexin lysis. 

In 1904, Donath and Landsteiner published their classical paper. 
They studied three patients and showed that the hemolysis was 
in all probability due to an autolysin which united with the 
patient’s erythrocytes at low temperatures, and that labile serum 
factors (alexin or complement) caused lysis of the sensitized cells 
if the temperature was subsequently raised. This work represents 


1 This prophecy does not in fact amount to much. Referring to the lytic 
properties of normal serum, Ehrlich and Morgenroth (1899) said “It is very 
probable that certain forms of hemoglobinuria originate through analogous 
hemolysins”’ [Bolduan’s translation], but they dilute this prophecy by going 
on to say that ‘“‘Many years ago Ehrlich showed that the hemoglobinuria ex 
frigore was caused, not by any particular sensitiveness of the erythrocytes to 
cold, but by certain poisons produced, especially by the vessels, as a result of 
cold.” 


CLINICAL FEATURES 5A7 


the greatest single step forward that has been made in the under- 
standing of paroxysmal cold hemoglobinuria. Further confirma- 
tory studies by Donath and Landsteiner were published in 1906 
and 1908. Similar and apparently independent observations were 
made by Eason (1906). 

Donath and Landsteiner’s and Eason’s observations were quickly 
confirmed in their essentials by workers in many parts of the 
world, and the diagnostic cold-warm procedure for the demonstra- 
tion of the hemolysin is now widely referred to as the Donath- 
Landsteiner test. The antibody is conveniently called the D-L 
antibody. 


Paroxysmal cold hemoglobinuria has a large literature. Reviews (in 
English) include those of Macalister (1908-9), Mackenzie (1929a), 
Becker (1948), Dacie (1954, p. 272) and Nabarro (1954). Nevertheless, 
the disease is a rare one. Becker (1948), for instance, stated that only 
one patient had been recognized as suffering from paroxysmal cold 
hemoglobinuria out of a total of 130,000 patients admitted to the 
University of Chicago Clinic in 20 years. It was considered, too, to be 
a rare disease in the 1920’s, for Thurmon and Blain (19381) could find 
only three cases out of 74,186 consecutive admissions to the Peter Bent 
Brigham Hospital in Boston. In Britain the disease is undoubtedly also 
rare; Nabarro (1954) reported seeing only 13 cases of typical PCH and 
five atypical ones during his very extensive experience at Great Ormond 
Street Hospital in London between the years 1912 and 1939. The virtual 
elimination of congenital syphilis at the present time will no doubt 
further contribute to its rarity. Of the cases now diagnosed, an in- 
creasing proportion are likely to be unassociated with syphilis. 


CLINICAL FEATURES 


Race, Age and Sex. Little is known of any racial predisposition 
to PCH. Most of the case reports have dealt with patients of 
Northern European, North American (white or negro) or Japanese 
origin. By its very nature the disease is unlikely to make itself 
manifest or be diagnosed in tropical or subtropical countries. 
There are, however, reports of its existence in South African Bantu 
(Watson and Laurie, 1956) and in Brazil (Landmann, 1958). 

The disease affects all ages but as congenital syphilis is a very 
definite etiological factor it was, in the past at least, more common 
in childhood. The youngest of Nabarro’s patients was 14 years of 
age at the onset of the disease; the youngest recorded seems to be 
that of Wiltshire (1867). This patient was an infant aged 7 months 
who passed bloody urine (free from red cells in the sediment) when 
the “weather was particularly inclement.’ It is even possible that 
hemolytic disease in the newborn can be caused by the presence 
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of the Donath-Landsteiner antibody in the maternal serum. 
Hoppe and Witte (1960) have recorded a possible example of this, 
but actual neonatal hemoglobinuria was not noticed. 

Both sexes are affected and there is no evidence that one sex 
is affected more frequently than the other. 

Familial Incidence. There are several reports of more than 
one member of a family suffering from syphilitic PCH. Matsuo 
(1912) described two such families; in one the propositus, his sister 
and two cousins, and in the other a father and his daughter were 
affected. Thurmon and Blain (1931) refer to two half-brothers, 
one of whom, however, had serological but not clinical evidence of 
the disease. 

Course of the Disease. Paroxysmal cold hemoglobinuria is a 
long-continued comparatively benign disease and rarely by itself 
causes death and seldom is a cause of severe chronic anzemia. 
The severity and frequency of the attacks of hzeemoglobinuria vary 
very greatly; in some patients they occur only occasionally and 
then only in exceptionally cold weather; other patients may suffer 
almost daily attacks as a result of moderate cold. The attacks may 
be spread over many years without altering much in their frequency 
or in the circumstances which bring them about. 


Glushien (1949) and Nelson and Nicholl (1960) described, for instance, 
patients who gave a history of suffering from the disease for 41 and 27 
years, respectively. Both patients probably had congenital syphilis. 
At the other end of the scale, Browning and Watson (1912-18) re- 
ported the case of a boy who suffered from an attack of brief duration but 
had no further attacks during the two years he was under observation. 
At the end of this time the ‘“‘Eason phenomenon” (D-L test) was still 
positive. 

Case 17 of Dacie (1954) can also be quoted as an instance where a 
patient had but a single attack of haemoglobinuria, yet the D-L antibody 
persisted for at least 9 years. This case was probably non-syphilitic in 
origin. 

Renal function is seldom impaired despite the long-drawn-out course 
of the disease. Sussman and Kayden (1948) did, however, record a 
patient who died of renal failure thought to be due to past hemo- 
globinuria. 

Banov (1960), too, reported an interesting case. The patient, a male 
aged 51, suffered from attacks of haemoglobinuria each winter between 
1945 and 1955. Splenectomy was then performed for a lacerated spleen. 
Thereafter he kept free from hemoglobinuria. When examined in 1959 
the Donath-Landsteiner test was strongly positive. 


The Paroxysm. A typical attack consists of constitutional 
symptoms as well as of the passage of haemoglobin in the urine. 
However, each feature can occur without the other. The necessary 
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degree of chilling varies from patient to patient; sometimes a brief 
exposure to a minor degree of cold is all that is necessary. Usually 
there is a pause of a few minutes up to several hours before the 
patient experiences symptoms. First, pains in the back and legs 
develop or there may be abdominal cramps or headache. The 
patient may then experience a rigor during which his temperature 
may rise as high as 104° F. The pyrexia may last up to several 
hours. Usually the first specimen of urine passed after the start 
of the rigor contains hemoglobin and perhaps methzemoglobin 
also; it may be dark red in colour or almost black. As a rule the 
hemoglobinuria disappears within a few hours; exceptionally, it 
may persist for a day or more. If paroxysms occur frequently, 
significant amounts of hemosiderin are present in the urine even 
in the absence of overt hemoglobinuria. 

During the attack and for a short time afterwards the patient’s 
spleen may be palpable, and on the following day he may be 
slightly jaundiced. 

Abortive Attacks. Heemoglobinuria may occur in some patients 
without other symptoms; in other patients the constitutional 
symptoms may occur in the absence of overt hemoglobinuria. 
Kaznelson (1921) described such attacks as paroxysmal “ Kalteik- 
terus.” Probably, however, if plasma-heemoglobin concentrations 
were estimated in such patients, hemoglobinemia would always 
be demonstrable, as was found by Mackenzie (1929a) when he 
attempted to induce attacks by immersing his patients’ hands and 
feet in ice-water. Transitory albuminuria is also usually found in 
association with abortive attacks. 

As Nelson and Nicholl (1960) pointed out, the constitutional 
symptoms associated with attacks of hemoglobinuria in PCH are 
generally more severe than when patients suffering from the cold- 
hemagglutinin syndrome develop hemoglobinuria in cold weather. 
Presumably this is the consequence of the sudden intensity of 
hzemolysis in PCH, which is perhaps paralleled by the remarkable 
hemolytic potency of the antibody in vitro. 

Vasomotor Phenomena. Many authors have reported the 
association of vasomotor phenomena with attacks of hemo- 
globinuria, and it seems clear that these disturbances may develop 
in typical paroxysmal cold hemoglobinuria as well as in the cold: 
hemagglutinin syndrome. Tingling of the hands and feet, 
urticarial wheals, “‘cold-urticaria,” “‘goose-skin,”’? cyanosis, Ray- 
naud’s phenomena of the extremities and gangrene have all been 
described. Rohrer’s (1901) well illustrated case of gangrene of the 
ear, associated with hemoglobinuria, may be quoted as an early 
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example of a severe vasomotor disturbance in a probable case of 
PCH. 

Bywater (1930) described how in a child, whose father had 
syphilis, exposure to cold would initiate cyanosis of the fingers, 
toes and ears and subsequent hemoglobinuria, while Hunt (1936) 
in a review of the causes of Raynaud’s phenomena made the point 
that involvement of the nose or ears in a child, or the occurrence 
of hemoglobinuria with Raynaud’s phenomena, meant that con- 
gential syphilis was the diagnosis. He did not, however, stigmatize 
the hemoglobinuria as being a sign of PCH. Harris, Lewis and 
Vaughan (1929) suggested that “‘cold urticaria”? might be due to 
an antibody, a dermolysin, which injured the cells of the skin on 
exposure to cold. They found that the serum of one particular 
patient, when injected intradermally into a non-sensitive subject, 
caused the formation of a pruritic erythematous weal when the 
site was chilled and then warmed. Becker (1948) made similar 
observations in one case. 

The above phenomena, which were also well known to the 
nineteenth-century physicians, ¢.g., Wiltshire (1867) and Lich- 
theim (1876), do not, however, necessarily occur. They were not 
observed, for instance, by Nabarro (1954) in his series of 18 
patients. 


HAMATOLOGY 


Patients suffering from paroxysmal cold hemoglobinuria may 
become anzemic during cold weather if they have frequent attacks, 
and in seriously-affected patients steep falls in hemoglobin and 
erythrocyte count can occur following a paroxysm. Donath and 
Landsteiner (1925), for instance, reported that in one patient the 
hemoglobin fell from 85°% to 55% as the result of a single 
paroxysm. Other data are quoted by Mackenzie (1929a). 

Erythrocyte osmotic fragility has seldom been mentioned. The 
probability is that it is not usually significantly altered. It 
was normal, for instance, in Nelson and Nicholl’s (1960) case. 
Gasser (1951, p. 140) on the other hand reported a moderate 
increase in a transient non-syphilitic case and illustrated the 
accompanying microspherocytosis. Dacie (1954, p. 289), too, 
found a substantial increase in fragility and corresponding micro- 
spherocytosis in another non-syphilitic case (Fig. 175, p. 686). 
Further studies are desirable. 

On recovery from the hemolytic episode the usual signs of 
blood regeneration, such as a raised reticulocyte count and poly- 
chromasia, are found. 
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At the height of a paroxysm the patient’s plasma typically 
becomes visibly red, the hemoglobin concentration reaching 100— 
200 mg. per 100 ml., or even higher. In minor paroxysms, without 
hemoglobinuria, a rise in the plasma-hzemoglobin concentration 
ean, nevertheless, often be demonstrated. Following a paroxysm, 
methzmalbumin is found in the plasma for a short while. 

Leucopenia. Interesting leucocyte changes occur during a 
paroxysm, leucopenia being followed by a neutrophil leucocytosis. 
This was recognized by Widal, Abrami and Brissaud as early as 
1913(b). Uchida (1921) found that the lowest counts were reached 
in 5-20 minutes after exposure to cold, the percentage fall being 
as much as 72% in his most severe case; the leucopenic phase 
lasted from 10 minutes to 2 hours. The greatest fall in leucocyte 
count observed by Bjorn-Hansen (1936) was from 10,000 to 2,100 
cells per cu. mm. 20 minutes after the commencement of cooling. 
Bjorn-Hansen (1936), Totterman (1946) and Jordan and co- 
workers (1952) have shown that the total monocyte and eosinophil 
counts also fall, as does the lymphocyte count to a lesser extent. 

The mechanism of the leucopenia has been the subject of much 
debate. Jordan and his co-workers reviewed the earlier literature 
and concluded that anaphylaxis, the pyrogenic reaction and the 
‘“‘alarm”’ reaction all probably contribute to the leucopenia, with 
erythrophagocytosis playing an important part in bringing about 
trapping of leucocytes in the capillaries of internal organs. The 
more recent work of Jandl and Tomlinson (1958) suggests that the 
changes seen in PCH are no different, except perhaps in degree, 
from those which occur in many other erythrocyte antigen- 
antibody reactions, and the adhesion of leucocytes to agglutinated 
erythrocytes as demonstrated by Swisher (1956) may be one way 
by which the leucopenia is brought about. Whether the ability of 
the D-L antibody to cause direct leuco-agglutination, as observed 
in a non-syphilitic case reported by Leonardi and Andolfatto- 
Zaglia (1960), isacommon additional mechanism remains to be seen. 

Changes in platelet count during and following the crisis also 
deserve study. Marx (1954) reported agglutination and lysis of 
platelets and Bjorn-Hansen (1936) mentioned a decrease in 
coagulation time. Tétterman (1946) referred to hypercoagul- 
ability. Some effect on the blood-coagulation system seems 
certainly likely to follow the sudden intravascular liberation of 
thromboplastic material derived from the lysed erythrocytes. 

Erythrophagocytosis. Ehrlich (1891) seems to have been the 
first to have noticed erythrophagocytosis in paroxysmal cold 
hemoglobinuria. This was seen in blood films made from the finger 
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of a patient which had been chilled whilst the circulation through 
it was obstructed (Ehrlich’s test). The phenomenon has been 
repeatedly observed subsequently (Eason, 1907; Meyer and 
Emmerich, 1909; Uchida, 1921, etc.). Eason reported that 
neutrophils as well as monocytes acted as erythrophages and that 
in vitro some erythrophagocytosis might be observed using in- 
~ activated serum. 

The results of more recent in-vivo and in-vitro studies were 
described by Jordan and his colleagues (1952). They concluded 
that complement was required for the phagocytosis by neutrophils 
and monocytes of erythrocytes sensitized by the D-L antibody. 
Bonnin and Schwartz (1954) also found that complement was 
necessary in the cold phase of sensitization if phagocytosis was to 
occur subsequently. 


SEROLOGY 


Cold-Warm Lysis. The feature of the greatest interest in 
paroxysmal cold hemoglobinuria is the Donath-Landsteiner (D-L) 
antibody or (hemo)lysin. As already mentioned, the essential 
facts about the behaviour in vitro of this remarkable antibody were 
first described by Donath and Landsteiner in 1904. Donath and 
Landsteiner showed that lysis took place when the erythrocytes 
of the patient, or those from a normal subject, were chilled in the 
serum or plasma of the patient and then subsequently warmed at 
37° C. They also showed that previous heat-inactivation of the 
patient’s serum prevented the onset of lysis. The hemolytic 
reaction thus appeared to be of the amboceptor-complement type, 
and two phases of the “‘cold-warm”’ reaction, a cold sensitizing 
phase and a subsequent warm lytic phase, were clearly differenti- 
ated. Subsequent studies have centred around several points of 
controversy: in particular, the necessity for complement to be 
present in the cold phase, the thermolability of the lysin, the effect 
that exposure to carbon dioxide or acidification of the serum has on 
lysis, and the highest temperature at which the lysin may be bound. 


The early work on these and other points was ably reviewed by 
Mackenzie (1929a) and more recently considered by Dacie (1954, p. 276), 
Schubothe (1958) and Hinz, Picken and Lepow (1961la). Continental 
authors, e.g., van Loghem and his co-workers (1952), Dausset, Colombani 
and Evelin (1957), Hennemann (1957) and Schubothe (1958) refer to the 
D-L lysin as biphasische (biphasic) or bithermische (bithermic) and con- 
trast its behaviour sharply with the monophasic or monothermic cold 
hemolysin of patients suffering from the cold-hemagglutinin syndrome. 
The similarity and dissimilarity between the two antibodies is discussed 
on p. 565. 


SEROLOGY 553 


Role of Complement in the Cold Phase. Hoover and Stone 
(1908) reported observations which suggested that the union of 
lysin and erythrocytes took place in the cold only if complement 
was present. This view was supported by the experiments of 
Moss (1911), Cooke (1912) and of Dennie and Robertson (1915), 
and by the work of others. This conclusion was disputed by 
Mackenzie (1929a) who, nevertheless, admitted that more lysis 
occurred if complement was present during both phases of the 
reaction. 

More recently the problem has been re-investigated. Siebens, 
Zinkham and Wagley (1948) concluded that at least one component 
of complement was necessary in the cold phase for fixation of the 
antibody, and Jordan, Pillemer and Dingle (1951la) claimed that 
it was the C’4 component of complement which was required for 
fixation of antibody in the cold. van Loghem and his co-workers 
(1952) in their Case 1 found that, although lysis was maximal if 
fresh human complement was present in the cold phase, a certain 
amount of lysis followed sensitization in heat-inactivated serum. 
Schubothe (1958) came to the same conclusion in an elegant 
experiment in which lysis was measured quantitatively. Approach- 
ing the problem in a different way, Baxter and Jordan (1954) 
concluded that Mg?+ ions were not essential for antibody fixation 
in the cold phase of the D-L reaction. When Mg?+ ions were 
removed from the serum by means of an ion-exchange column, 
subsequent lysis was only slightly reduced. 

The author’s experience is also in accord with the idea that 
complement is not necessarily essential for the fixation of the 
antibody in the cold phase. More antibody is bound if complement 
is present, but in some cases at least a variable amount of antibody 
is bound even if the heat-labile fractions of complement are 
destroyed. The discrepancies in the literature seem likely to be 
due to qualitative differences in the antibodies of different patients 
and to variations in the potency (titre) of the antibodies as well as 
to differences in technique. 

The writer has studied the role of complement in the cold phase 
using serum from two patients. In both (Cases 17 and 18 of Dacie 
(1954, p. 287)) no lysis developed unless fresh serum was present 
in the cold phase. However, it was possible to demonstrate with 
one of the sera that lytic antibody was adsorbed in the cold phase 
in the absence of thermolabile constituents of complement even 
though no lysis occurred subsequently (Table 48). 


The patient’s serum was inactivated and normal erythrocytes were 
sensitized in it for 30 minutes at 0°-2° C. (Stage I). The cells were 
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Table 48 


Experiment Demonstrating that the Donath-Landsteiner Antibody is 
Adsorbed at 0° C. in the Absence of Thermolabile Components of 


Complement 
St f , 
Scene. t Procedure Lysis 

I Sensitization at 0° C. — 
II Incubation at 37° C. (elution of antibody) — 

Til Sensizitation of fresh erythrocytes in eluate 
at 0° C. _ 
IV Incubation at 37° C. + 


For explanation, see text. 


washed twice in a large volume of ice-cold saline. The button of 
corpuscles was then placed in the water bath at 37° C. and fresh normal 
serum added. No lysis developed after 30 minutes’ incubation (Stage 
II). The suspension of cells was then rapidly centrifuged, the serum 
separated, and fresh normal corpuscles added to the serum. The suspen- 
sion of fresh cells was then chilled at 0° C. for 30 minutes (Stage ITT) 
and finally rewarmed (Stage IV). Lysis rapidly developed. This experi- 
ment suggests that antibody is adsorbed in the cold phase in the absence 
of thermolabile constituents of complement but that it is so rapidly 
eluted at 37° C. under these circumstances that lysis is prevented (see 
also p. 477). 


Hinz, Picken and Lepow (1961a) have confirmed and elaborated 
the above-mentioned studies in some elegant experiments. They 
used two D-L sera of different potencies, human serum as a source 
of complement and normal and paroxysmal nocturnal hemo- 
globinuria (PNH) erythrocytes. With normal cells, none of the 
antibody preparations caused more than a trace of lysis (on the 
addition of complement) in the warm phase when complement 
was omitted from the cold phase, but PNH cells were lysed to some 
extent by both sera under these conditions. They concluded that 
the requirement for complement in the cold phase is a quantitative 
one, depending on the potency of the antibody and the sensitivity 
of the erythrocytes. 


In further studies Hinz, Picken and Lepow (1961b), using human 
serum or guinea-pig serum as a source of complement, have shown that, 
contrary to the observations of Jordan, Pillemer and Dingle, (1951a), 
it is the complement fraction C’1 and Ca?+ ions which are essential in 
the cold phase (not C’4—which fits in with the observation that no lysis 
generally results if heat-inactivated serum is used in the cold phase), 
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that C’4 reacts in both the warm and cold phases, but is not essential 
in the cold phase, and that C’2 (and Mg?+ ions) and C’3 are essential 
in the warm phase. They concluded that the sequence of events in the 
Donath-Landsteiner reaction is typical of, and can serve as a model for, 
the mechanism of action of human complement in immune hemolysis. 

It is interesting to recall that the conclusions of Hinz and his colleagues 
using PNH cells, are similar to those arrived at by Dacie (1952), quoted 
by Dacie (1954, p. 257), who used PNH cells in an attempt to define 
the role of complement fractions in lysis by high-titre cold antibodies. 
It was then concluded that C’1 was essential in the cold phase but not in 
the warm phase and that C’2 and C’4 (+ C’3) were essential in the 
warm phase but not in the cold phase. It was found, too, that PNH 
cells, if sensitized in the cold in the presence of fresh serum, underwent 
lysis if subsequently warmed in saline alone, which suggested that these 
cells were capable of adsorbing in the cold phase all the complement 
fractions required for lysis. It was also observed that PNH cells could 
adsorb a certain amount of antibody in the cold in the complete absence 
of complement fractions and that lysis would then take place provided 
that whole fresh serum was available in the warm phase. 


Role of Complement in the Warm Phase. All authors are 
agreed that lysis takes place in the warm phase of the Donath- 
Landsteiner reaction through the agency of complement. It has 
been claimed that sometimes sufficient complement can be 
adsorbed in the cold phase to bring about lysis when the corpuscles 
are subsequently warmed (Widal, Abrami and Brissaud, 1913b; 
Emile-Weil and Stieffel, 1927). Most workers, e.g., Siebens, 
Zinkham and Wagley (1948), have not substantiated this claim. 
However, Jordan, Pillemer and Dingle (1951a) stated that there 
is a reciprocal relationship between the amounts of complement 
required in the two phases. As already mentioned, the author 
found, using the very sensitive PNH erythrocytes and high-titre 
cold antibodies, that sufficient complement might be fixed or 
adsorbed to the cells in the cold phase to produce lysis on subse- 
quent warming. 


Thermolability of the D-L Antibody 


Yorke and Macfie (1921), Mackenzie (1929a) and Siebens, Zinkham 
and Wagley (1948) observed that heating at 56° C. to inactivate comple- 
ment appeared in some cases to destroy the hemolysin also. Mackenzie 
reported that heating at 45° C. for 830 minutes destroyed the lysin in the 
serum of one of his patients and that in another the lysin was destroyed 
at a temperature of 47-5° C. Yorke and Macfie (1921) stated that the 
thermolability of one serum appeared to fluctuate from time to time. 
Siebens, Zinkham and Wagley (1948) found that whilst one serum they 
studied was more sensitive than complement to inactivation by heating, 
another serum was less sensitive. Jordan, Pillemer and Dingle (1951a) 
investigated two sera from this point of view. They found that some 
lytic activity was still demonstrable after the sera had been heated at 
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62° C. for 30 minutes if sufficient complement was subsequently added. 
The lytic activity of two sera studied by the author was not affected 
by heating at 56° C. for 30 minutes. 

Schubothe (1958) studied one serum. He found that heating for 10 
minutes at 60° C. made little difference to the serum’s lytic ability but 
that almost all activity was destroyed by exposure for 10 minutes at 
70° C. Hinz, Picken and Lepow (1961a) likewise concluded that the 
D-L antibody was thermostable. They attributed moderate and incon- 
stant inhibition of lysis to the anticomplementary effect of heat- 
inactivation rather than destruction of antibody. 

These observations lead to the conclusion that, although the lysins 
in the sera of patients with PCH vary in their thermolability, most 
antibodies are probably unaffected by a temperature as high as 56° C. 
for 30 minutes. Of the thermolabile ones, it is probably true that some 
lytic activity can usually be demonstrated after exposure to quite high 
temperatures, if large amounts of complement are added subsequently. 


Role of Carbon Dioxide and pH. Hijmans van den Bergh 
(1909a,b) reported that if the whole blood of a patient suffering 
from PCH, or the erythrocytes of the patient suspended in serum, 
were exposed to carbon dioxide, they underwent lysis at 16° C, 
On the other hand, no lysis developed at 16° C. without carbon 
dioxide, or at 37° C. with or without carbon dioxide. This seems 
to be the first description of an ‘“‘acid-lysin”’ in the literature. 

Although in Hijmans van den Bergh’s account there is no mention 
of agglutination, there seems to be little doubt that the antibody 
was not a “‘typical’’ D-L lysin: its behaviour in respect to tempera- 
ture and acidification was more like that of the potentially lytic 
high-titre cold antibodies already described (see p. 470). Subse- 
quent investigations using sera from presumed cases of PCH have 
mostly failed to confirm Hijmans van den Bergh’s observations 
(Mackenzie, 1929a). Hannema and Rytma (1922), however, stated 
that they obtained increased lysis in the presence of carbon 
dioxide, and Wagley, Zinkham and Siebens (1947) and Siebens, 
Zinkham and Wagley (1948) observed in one of two cases that 
lysis at 27° C. occurred only in the presence of carbon dioxide. 

Carbon dioxide probably affects lysis by decreasing pH. Dacie 
(1949, 1954, p. 279) described pH-lysis curves based on observa- 
tions made on three sera, using hydrochloric acid as acidifying 
agent (Fig. 162). In each case lysis was almost maximal in 
unacidified serum (pH 8-0), only slightly more lysis developing at 
the optimum pH of approximately 7-0—7-5. Adsorption of the 
antibody was inhibited at a pH greater than 8-7 and below 6-2. 
Almost identical pH-lysis curves have been published by Schubothe 
(1958), and Hinz, Picken and Lepow (1961a) have recorded similar 
data. 2.e., complete inhibition at a pH <5-2 and >9-7, the 
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optimum range in both phases with normal cells being pH 7:5-8-5. 
With PNH cells the optima were wider, 7.¢., pH 6-0-8-0 in the cold 
phase and pH 6-5-8-5 in the warm phase. 

Time Necessary for Sensitization in the Cold Phase. 
Yorke and Macfie (1921) observed that maximum sensitization, as 
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Fic. 162. The effect of pH on the hemolysis of normal erythrocytes 
by three sera (A, B and C) containing Donath-Landsteiner 
antibodies. 


judged by subsequent lysis, took place if erythrocytes were 
suspended in their patient’s serum for relatively short periods; 
they found, for instance, that more lysis followed chilling for 5—7 
minutes than for 30 minutes. The author, and van Loghem and 
co-workers (1952), have not confirmed these observations; with 
the serum from Case 17 of Dacie (1954), maximum lysis did not 
occur unless the cold phase was prolonged for at least 20 minutes 
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(Fig. 163). However, antibody is without doubt rapidly bound. 
Schubothe (1958), for instance, found that approximately half- 
maximal binding took place after only 1 minute at 0° C.; binding 
was, nevertheless, increased to a small extent if the exposure time 
was increased from 30 to 60 minutes. Hinz, Picken and Lepow 
(196la) have made similar observations. Almost maximal lysis 
followed 10 to 15 minutes’ exposure in the cold phase, with a more 
gradual increase up to 80 minutes. 
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Fic. 163. The effect of the duration of sensitization at 0-2° C. on 
hemolysis by a Donath-Landsteiner antibody (Case 17 of Dacie, 
1954). 


Temperature of Cold Phase. The highest temperature at 
which sensitization takes place probably varies from patient to 
patient. It is likely that the height of the sensitizing temperature 
is correlated with the severity and frequency of clinical attacks. 


In the literature, union of lysin with erythrocytes has been recorded 
at temperatures as high as 20° C. (Grafe, 1911), but this is exceptional. 
Usually 10°-15° C. is the maximum; Mackenzie (1929a) recorded 10°— 
12° C. in three cases he studied. Schubothe (1958) considered that 20° C. 
was the highest temperature likely to be observed with sera from proved 
syphilitic cases. The patient described by the author (Dacie, 1954, 
Case 18), where binding on of lytic antibody was demonstrable to at 
least 25° C. is thus clearly exceptional: this child, however, did not 
have syphilis; she suffered on the other hand from a transient attack 


ELUTION oF D-L ANTIBODY 559 


of acute hemolysis apparently provoked by a preceding attack of 
measles. 

In vitro, irrespective of the highest sensitizing temperature, maximum 
lysis is obtained by immersing the cell-serum suspensions in water con- 
taining crushed ice. Hinz, Picken and Lepow (196la) with their two 
sera recorded 10° C. as the maximum temperature at which detectable 
lysin was bound to normal cells: with PNH cells, binding occurred up 
to at least 17° C. 


Temperature of Warm Phase. It has generally been assumed 
that 37° C. is the optimum temperature for lysis in the warm 
phase. There seems to be in fact little information on the point, 
and what there is, is discrepant. Schubothe (1958) showed curves 
indicating more lysis occurring at 40° C. than 30° C., while Hinz, 
Picken and Lepow (196la) found that 32° C. was the optimum, 
that some lysis occurred even at 10° C. and that this might be 
almost maximal at 20° C. 


Rate of Lysis and Elution of Antibody at 37° C. 


Although lysis usually occurs rapidly at 37° C., even within a 
minute or so with highly sensitized erythrocytes, it can be shown 
that antibody is eluted off the corpuscles relatively rapidly at this 
temperature, even though sensitization has been carried out in the 
presence of complement. This is a relatively old observation (see 
Mackenzie, 1929a). The extent to which it occurs no doubt 
depends upon how exactly the experiments are conducted, and 
perhaps, too, upon the antibody studied. The rate of elution of 
antibody will clearly affect the extent and rapidity of lysis (see 
below). 


Duplicate suspensions of normal erythrocytes were sensitized in a 
patient’s serum at 2° C. for 80 minutes. The cells in one tube were then 
' rapidly washed twice in saline chilled at 0°—2° C., whilst the cells in the 
second tube were washed twice in saline warmed at 37° C. Normal 
serum was added to each cell deposit and both tubes were then incubated 
at 37° C. The cells that had been washed in the cold saline underwent 
about four times as much lysis as the cells washed in the warm saline. 
The amount of lysis at 37° C. is thus the resultant of two processes 
working in opposite directions—elution of antibody and lysis by com- 
plement. Schubothe (1958), working with a single serum, observed less 
elution of antibody on incubation of sensitized cells at 40° C. than the 
present author. 


Ionic Strength 
Hinz, Picken and Lepow (196la) reported that increase in ionic 
strength tended to inhibit lysis. With normal cells, increases of I to 
0-30 resulted in about a 50% reduction. PNH cells were, however, less 
sensitive to the increase than were the normal cells. 
DACIE’S HEMOL. ANH MIAS—8 
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Other Properties of the Donath-Landsteiner Antibody 


Agglutination. The possibility that the D-L antibody causes 
agglutination as well as lysis has received little attention. If 
sensitization is carried out in ice-water using fresh serum containing 
complement, little or no agglutination is usually visible at the end 
of the cold sensitizing period, although the fact that the corpuscles 
will lyse rapidly on warming shows that they have adsorbed anti- 
body. If, on the other hand, the erythrocytes are suspended in 
heat-inactivated serum, agglutination in the cold phase is usually 
more intense. Nevertheless, when such sera are titrated in saline 
the agglutination titres rarely exceed normal (Stats and Wasser- 
man, 1943; Becker, 1948). There are, nevertheless, a few reports 
in the literature of definitely raised titres in otherwise acceptable 
cases. Siebens, Zinkham and Wagley (1948) reported titres of 160 
and 820, respectively, in two patients; Hill (1951) a titre of 320, 
and Hennemann and Seifert (1957) a titre of 128. The cold- 
agglutinin titres (at 2° C.) of Cases 17 and 18 of Dacie (1954) were 
16 and 82, respectively. 

It seems likely, however, that the D-L antibody regularly causes 
agglutination as well as lysis; it would perhaps be surprising if it 
did not. In Case 18 of Dacie (1954) the ability of the patient’s 
serum to agglutinate corpuscles at 18° C. and to cause lysis 
diminished in a parallel manner as the patient recovered (‘Table 49). 

Sensitization to Antiglobulin Serum. Fisher (1950), Jordan, 
Pillemer and Dingle (1951), Peterson and Walford (1952), van 
Loghem and co-workers (1952), Dacie (1954, p. 289) and Parish 
and Mitchell (1960) have all reported that erythrocytes sensi- 
tized with the D-L antibody in vitro give positive antiglobulin 
reactions. 


Jordan, Pillemer and Dingle (1951b) also described how the erythro- 
cytes of their patients gave strongly positive direct antiglobulin re- 
actions at the time of hemolytic attacks produced by chilling. The 
reactions, however, became negative shortly after the attacks. Their 
observations suggest that the antibody they were studying sensitized 
cells to antiglobulin serum at a relatively high temperature in vivo, and 
that the sensitization was slowly reversible at body temperature. Both 
Jordan, Pillemer and Dingle (1951b) and van Loghem and co-workers 
(1952) showed that, as with other types of cold antibodies, the anti- 
globulin reaction was not inhibited in high concentrations of antiglobulin 
serum, 2.€., a prozone was not observed. 

The indirect antiglobulin reaction was studied in some detail by 
Jordan, Pillemer and Dingle (1951b). In two patients the antibody 
titres as measured by hemolysis, and by agglutination using a constant 
amount of antiglobulin serum, were identical or agglutination was 
higher by a factor of 2. Jordan and his co-workers concluded that the 
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Table 49 


Serial Serological Observations Carried Out with the Serum of Case 18 of 
Dacie (1954): Acute Transient Paroxysmal Cold Hamoglobinuria 


Temperature 


Lysis Agglutination as Ais 
Day of bot, (30 min. (at tempera- ntiglo ule 
illness sensitization at 87° C ture of reaction 
°C.) ‘) | sensitization) 
+3 2 Sse 22 Se i Ge aioe 
18 Se Se Se ete ate 
2 a ale SS 
30 = trace + 
37 _~ — _ 
+ 55 2 ae aie sae Sas 
18 -- ~ _ 
37 — _ ~ 
+83 2 Sleaits se She ater ale 
18 — — — 
37 = — — 
+1382 2 — — a 
18 — — _ 
37 - — = 


* The antiglobulin reactions were carried out on any cells remaining 
unhemolysed, after washing them in several changes of saline warmed to 
a7 C. 

++++,+++,++,++, + and + denote intensities of agglutination 
or lysis; — denotes no agglutination or lysis. 


lytic antibody and the sensitizing antibody were probably the same 
substance. 

Dacie (1954, p. 290), in serial studies on the child who developed a 
potent D-L antibody following measles, showed that the direct anti- 
globulin test, which was positive at the onset of the hzemolysis, became 
negative as the child recovered, but well before the D-L antibody 
disappeared from her serum. He also showed that the indirect anti- 
globulin reaction, which seemed to be a more sensitive way of demon- 
strating antibody activity than looking for lysis, diminished in strength 
parallel to the disappearance of the D-L lysin (Table 49). 


It is now clear that the positive direct and indirect antiglobulin 
reactions in paroxysmal cold hemoglobinuria are mainly the con- 
sequence of fixation of complement on the erythrocytes along with 
lytic antibody (Dacie, Crookston and Christenson, 1957). The 
direct reaction is thus likely to be positive in patients recently 
exposed to cold sufficient to cause adsorption of antibody in vivo 
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and negative in patients symptom-free in warm weather and where 
the thermal range of the antibody is low. The reactions are 
typically of the cold type. Indirect reactions are often exceedingly 
strong if carried out on the residue of cells which are not lysed in 
a positive D-L test. Maximal agglutination takes place in strong 
concentrations of potent antiglobulin serum and agglutination 
persists even if relatively large amounts of human y globulin are 
added to the antiglobulin serum (‘‘non-y”’ reaction). However, it 
is interesting to note that strongly sensitized cells are agglutinated, 
albeit weakly, by specific anti-y sera, as well as being very strongly 
agglutinated by anti-non-y sera (Table 50, cf. Table 40). Such 


Table 50 


Agglutination by Antiglobulin Sera of Erythrocytes Sensitized at 0° C. in 
Serial Dilutions of a Donath-Landsteiner (D-L) Antibody 


Dilutions of D-L antibody 


Type of 
antiglobulin 
seme ling lin4d lin8 1linl6 1in32 ne 
Anti-y + + = = = = 
Anti-non-y t++t+ 444 4. + e - 


+++ + denotes very intense agglutination by antiglobulin serum; +++, 
+ and + denote lesser degrees of agglutination; — denotes no agglutination. 


agglutination by anti-y serum is not normally seen with cells 
sensitized by high-titre cold antibodies or by the “incomplete”’ 
cold antibody of normal serum. The positive anti-y reactions 
obtained with the PCH sera are probably a reflection of the 
relatively large amount of irreversibly adsorbed lytic antibody 
bound to the cells. 


Reactions with Trypsinized Normal (TN) Erythrocytes and 
Paroxysmal Nocturnal Hemoglobinuria (PNH) Erythrocytes 


The serum of Case 17 of Dacie (1954) lysed TN erythrocytes slightly 
more readily than fresh normal untreated cells (lytic titre x 2), and 
PNH erythrocytes rather more actively (lytic titre x 2-4). The results 
with the serum of Case 18 were similar; TN and PNH cells were each 
about twice as sensitive as normal cells. Some data obtained with the 
serum of a third patient, a girl aged 9 years, suffering from syphilitic 
paroxysmal cold hemoglobinuria, were illustrated by Dacie (1955) 
(Table 52). This serum (B. C.) lysed normal cells at 18° C., when used 
undiluted, and PNH cells to a titre of 8 at the same temperature. With 


SpEcIFIcIry oF D-L ANTIBODY 568 


the normal cold-warm procedure the titres were, however, 16 and 382, 
respectively. 

In Table 52 are also shown for comparison the reactions of normal and 
PNH cells in two sera containing high-titre cold agglutinins, one A. D., 
derived from a patient with the cold-hemagglutinin syndrome (Case 9) 
and one (EK. F.), obtained from a patient who suffered from hemolytic 
anemia following virus pneumonia. These titration figures emphasize 
the relatively great lytic activity of the D-L antibody against normal 
cells, for the differences in sensitivity to lysis between normal and PNH 
cells are markedly less in the case of the D-L antibody than those 
observed with the strongly agglutinating high-titre cold antibodies. 

Hinz, Picken and Lepow (1961la) have more recently re-affirmed the 
unusual sensitivity of PNH cells to lysis by D-L antibodies. With the 
two sera they investigated PNH cells appeared to be from 4—8 times as 
sensitive as normal cells. 


Specificity of the Antibodies. It has generally been assumed 
that the Donath-Landsteiner hemolysin is a non-specific antibody, 
acting on human erythrocytes irrespective of their known blood 
groups. Certainly, the ability of the auto-antibody to act as iso- 
antibody and to lyse normal erythrocytes has been known for 
many years (Mackenzie, 1923). However, in at least one patient 
it has been claimed that the antibody was strictly auto-specific 
(van Loghem e# al., 1952). More information is required. The 
patient reported by Dacie (1954) as Case 18 was group AB and 
the serum was tested against erythrocytes of groups O, A,, A, B 
and A,B, respectively. The sensitivity of the cells to lysis was 
about the same; if anything, the A, and A, samples seemed to 
be the most sensitive. 

Schubothe (1958) has published some interesting data. Using a 
panel of ten samples of human blood of known and various geno- 
types, he found that although all were lysed, lysis measured 
quantitatively varied from as much as 14% to 62%. Schubothe, 
too, tried various animal erythrocytes against an eluted D-L 
antibody. Human and pig cells were approximately equally 
sensitive to lysis, and ox, horse and sheep cells were weakly lysed. 
Guinea-pig, rat, mouse and dog cells were not lysed, and one out 
of two rabbit-blood samples were weakly lysed. These interesting 
results differ in at least one respect from those obtained with high- 
titre cold antibodies: this is that rabbit cells seem to be regularly 
very sensitive to agglutination and lysis by the latter type of 
antibody. 

The author more recently has compared the sensitivity of normal 
adult I-positive cells, adult ‘“‘I-negative”’ cells and cord-blood cells 
to lysis by several D-L antibodies. The results are given in Table 
51. Unlike high-titre cold antibodies which typically agglutinate 
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I-positive cells strongly and “‘I-negative”’ cells weakly, the D-L 
antibodies lysed all three types of cell approximately equally. 


Table 51 


Comparative Sensitivity of I-positive, Cord-blood and Adult ‘‘I-negative”’ 
Erythrocytes to Lysis by Four Donath-Landsteiner Antibodies 


Serum dilutions 


Serum and cells 


Control 
1 in 2 1in 8 1in 32 (normal serum 
diluent) 

D. O. 

(Case 17, Dacie, 1954) 

I+ 34 6 0 0 

Cord 68 9 0 0 

Adult ““I-—” A5 8 0 0 
J.W. 

I+ 65 50 15 0 

Cord 65 59 0 0 

Adult ‘“*I—” 71 15 0 0 
—. LD. 

I+ 58 27 0 0 

Cord 80 46 0 0 

Adult ““I— ” 72 32 0 0 
Se 

I+ 48 8 0 0 

Cord 73 35 0 0 

Adult ‘“*I— ” A5 5 0 0 


The figures denote percentage lysis, after 80 minutes at 0° C. followed by 
1 hour’s incubation at 37° C. 


Chemistry of the D-L Antibody 


The D-L antibody is probably a y globulin but whether of the 7S or 
the 19S varieties needs to be determined. Jordan, Pillemer and Dingle 
(1951b) found that antibody activity was concentrated in the water- 
soluble (pseudoglobulin) fraction of serum. Gouttas and his co-workers 
(1958) made eluates of a patient’s serum submitted to paper electro- 
phoresis and found the highest D-L antibody activity in the y-globulin 
fraction. Leonardi and Andolfatto-Zaglia (1960) stated that an eluted 
D-L antibody (from a non-syphilitic case) migrated on paper electro- 
phoresis as a y, globulin. 
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Comparison of the Donath-Landsteiner Antibody with 
Pathological High-Titre Cold Antibodies 


As already referred to, some authors such as van Loghem and 
his co-workers (1952), Schubothe (1956, 1958), Dausset, Colombani 
and Evelin (1957) and Hennemann (1957) have sharply differen- 
tiated between the “biphasic” lysin of Donath and Landsteiner 
and ‘‘monophasic”’ “‘acid”’ lysins. The present author feels, on 
serological grounds at least, that a sharp distinction may be 
unwarranted. From the point of view of adsorption of the anti- 
body, both are cold antibodies and both show a progressive 
increase in binding on of antibody as the temperature is lowered 
to 0° C. (see Schubothe, 1958, abb. 26): the difference here seems 
to be quantitative rather than qualitative, with the high-titre 
antibody being normally bound to a higher temperature than the 
D-L antibody—it is typically present in far higher concentration. 
It is true that the classical cold-warm procedure usually produces 
less lysis in the case of high-titre cold antibodies than does simply 
allowing the preparation to stand at 15—-25° C. (Table 52), but 
this may be due to intense agglutination at 0—2° C. interfering with 
the binding on of complement. PNH cells do not show this 
phenomenon (Table 52). 


Table 52 
Differences in the Lytic Ability of Sera Containing Cold Auto-Antibodies 
Serum Serum Serum 
eee i) EArt B. C. 
C. (Case 9) (D-L antibody) 
Agglutinin titre 30 0 2 0 
Normal cells 18 4,000 1,000 A 
2 64,000 4,000 16 
Lysin titre 30 Li 2 0 
Normal cells, 18 16 64 1 
pH 7-0 0-37 if 4 16 
Lysin titre 30 32 256 1 
PNH cells, 18 4,000 4,000 8 
pH 8-0 0-37 8,000 8,000 32 


* Cold-hemagglutinin disease. 
{ Post-virus pneumonia hemolytic anemia. 


D-L antibodies, too, may cause lysis ‘‘monophasically,” that is 
to say at room temperature (15—20° C.), if their thermal range 
extends high enough (Dacie, 1955; Schmidt and Clifford, 1960) 
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(Table 52), and sometimes with exceptionally lytic high-titre cold 
antibodies the cold-warm procedure may result in marked lysis 
(Case 10). 

The differences in pH requirements, too, are not absolute. 
Although the pH range within which the D-L antibody will cause 
lysis is characteristically relatively wide, with almost maximal 
lysis occurring in unacidified serum, similar curves may be 
obtained with high-titre cold antibodies in exceptional instances 
(Dacie, 1955; Fig. 150). 

The observation, referred to above, that the D-L antibody 
causes at least as much lysis of ‘‘I-negative”’ erythrocytes as it 
does of I-positive cells seems at first sight to be a significant 
difference, but it is already known that high-titre cold antibodies 
do not always discriminate strongly in favour of I-positive cells; 
several antibodies from patients with hemolytic anemia following 
virus pneumonia have already been found to lack this property 
and the same is true of certain cold auto-antibodies formed by 
patients suffering from reticulosarcoma (Table 44, p. 497). 

As already mentioned, a crucial point of difference which clearly 
needs settling is whether the D-L antibody is a 7S or 19S globulin. 


Table 53 


Comparison of the Reactions In Vitro of High-Titre Cold Agglutinins and 
the Donath-Landsteiner Antibody 


Donath-Landsteiner 
antibody 


High-titre cold 
agglutinin 


Titre (2° C.) 
Thermal range 


Effect of pH 


Need for comple- 
ment in cold 
phase 

Lysis of PNH 
cells 


Specificity 


Physico-chemical 
nature 


Very high (512,000) 

High (-+30-32° C.) 

Usually lysis only in 
acidified serum 


Usually necessary 


PNH cells very sensi- 
tive compared with 
normal cells 


Anti-I 


S19 macroglobulin 


Moderate (— 64) 

Moderate ( <18—20° C.) 

Lysis always in un- 
acidified serum 


Usually necessary 


PNH cells not’ very 
much more sensitive 
than normal cells 


Not anti-I 


(?) 
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The differences and similarities in the in-vitro behaviour of the two 
antibodies are summarized in Table 53. 


Relationship between the D-L Antibody and the Wassermann- or 
Kahn-Reacting Material in Sera from Syphilitics 

Numerous studies have failed to identify the Donath-Landsteiner 
antibody with the material in the serum of syphilitics bringing about 
a positive Wassermann or Kahn reaction. Most authors have succeeded 
in absorbing out the D-L antibody and yet shown that positive tests for 
syphilis have persisted (e.g., Moro and Noda, 1909; Matsuo, 1912; 
Mackenzie, 1929b; Thurmon and Blain, 1981; Jordan, 1952). Hinz, 
Picken and Lepow (196la) approached the problem differently by 
fractionating a serum and showing that the D-L antibody was present 
in a fraction containing little or no Kline-test-reacting antibody. 


Possibility of an Erythrocyte Abnormality in Paroxysmal Cold 
Hemoglobinuria 

It has generally been assumed that an abnormality in the serum is 
the only abnormality in paroxysmal cold hemoglobinuria. However, 
Jordan and Schlesinger (1955) reported in one case (of syphilitic origin) 
that the patient’s own cells were more sensitive to destruction in vitro 
than normal control cells; it appeared that there were two populations 
of patient’s cells, one more sensitive than the other. Jordan and 
Schlesinger also reported that the ‘‘Crosby test’’—lysis of patient’s 
cells in acidified normal serum plus thrombin—was positive. These 
interesting observations need confirmation in other cases. 

Serum Complement. It has been known for a long time that 
the serum-complement concentration may be abnormally low in 
paroxysmal cold hemoglobinuria (Meyer and Emmerich, 1909), 
and that following repeated attacks of hemolysis complement may 
not be demonstrable. The serum may even be anti-complementary 
(Mackenzie, 1929a). More recently, Jordan (1958) reported low 
complement levels in three out of four patients and van Loghem, 
van der Hart and Dorfmeier (1958) low levels in all of 17 patients, 
11 syphilitic and six non-syphilitic. 

The possibility of a low complement level has to be taken into 
account in designing a satisfactory test for the D-L antibody (see 
p. 568). There seems to be no information as to which components 
of complement the sera are likely to be most deficient in. 


Correlation of Antibody Titres with Clinical Signs of 
Heemolysis 


Few detailed studies of antibody titres and of the thermal range 
of the antibody in relation to the clinical course of the disease have 
been reported. Kumagai and Namba (1927), however, published 
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some interesting data: according to these workers a lytic titre 
greater than 8 was associated with spontaneous attacks of hemo- 
globinuria; at a titre of 4 hemoglobinuria could be induced by 
artificial chilling; at a titre of 2-4 albuminuria could be induced 
by chilling, but with antibodies weaker than this no changes of any 
kind could be produced. Mackenzie (1929a), too, stated that he had 
observed an inverse relationship between the titre of the lysin and 
susceptibility to attacks in two patients, and also that improve- 
ment following therapy in one patient seemed to be paralleled by 
a diminution in the titre of the D-L antibody. 

The child described as Case 18 by Dacie (1954) was followed in 
some detail. In this (non-syphilitic) case spontaneous cure was 
closely correlated with diminution in the antibody concentration 
and in the temperature at which it would produce sensitization 
(Fig. 164; Table 49). 


Summary 


The main features of the Donath-Landsteiner antibody are as 
follows: adsorption to erythrocytes takes place only in the cold, 
usually at temperatures below 15° C. Lysis is brought about in the 
warm phase by the action of complement. Complement is more or 
less essential for the effective adsorption of the antibody in the 
cold phase; however, it may act in this phase not so much or not 
only by bringing about the adsorption of the antibody as by 
preventing the antibody from being rapidly eluted on subsequent 
warming. The D-L antibody is remarkable amongst cold antibodies 
in that it so readily causes lysis of normal human erythrocytes 
instead of only or predominantly causing agglutination. Although 
lysis is the most obvious effect, exposure to the D-L antibody 
results in agglutination, as well as strong sensitization to anti- 
globulin serum. The optimum pH for lysis is in the region of pH 
7:0 to 8:0. 


Technique of the Donath-Landsteiner Reaction 


This was described in detail by Dacie (1956). The necessity for 
the addition to the patient’s serum of a source of complement has 
already been stressed; both human complement and guinea-pig 
complement are suitable. The best temperature for sensitization 
is 0° C. in an ice-water bath; 30 minutes is an adequate exposure 
time, and lysis occurs within a few minutes at 37° C. 

Hinz, Picken and Lepow (196la) suggested adding to the antibody- 


containing serum an equal volume of fresh human serum as complement 
and the subsequent addition of a one-tenth volume of a 25° suspension 
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of erythrocytes. Barbital buffer containing Mg?+ and Ca?* was recom- 
mended in place of saline. Increasing the volume of human complement 
five or eight times did not increase lysis. Hennemann and Seifert (1957), 
on the other hand, found in one case that the addition of complement 
to their patient’s serum diminished rather than increased lysis, but this 
could have been due to dilution of a weak antibody. 


ETIOLOGY 


Relation to Syphilis. As already mentioned, syphilis was 
suspected as being an important etiological factor in the nine- 
teenth century by some of the earlier writers on paroxysmal cold 
hemoglobinuria (Gétze, 1884; Murri, 1885). Murri, for instance, 
reviewed 36 cases and thought that there was evidence of syphilis 
in fifteen of them. The frequency of the disease in congenital 
syphilitic children and the occasional presence of lesions of 
acquired syphilis in adult patients all seemed to bear this out. 
The improvement in diagnosis resulting from the introduction of 
the Wassermann reaction (W.R.) likewise appeared to furnish 
further support for this contention. It is, however, worth recalling 
that Donath and Landsteiner as early as 1908 suggested that the 
disease might be caused by infections other than syphilis. 


The W.R. was positive in five out of the six patients of Browning 
and Watson (1912-13); five were children with congenital syphilis and 
it is interesting to note that in two of them there were no other manifest- 
ations of syphilis, aside from the positive serological tests (see below). 
Donath and Landsteiner (1925), in a review of 99 patients, considered 
that there was evidence of syphilis in 95; in 81 patients the W.R. was 
positive, whilst in 24 of them there was clinical evidence of syphilis. 
It seems probable that in the past, at least, the sera of an appreciable 
proportion of patients with late syphilis contained the D-L lysin, even 
if the patients did not themselves suffer from clinical paroxysmal cold 
hemoglobinuria. Donath and Landsteiner (1908) reported one such 
instance out of 28 patients suffering from general paralysis. Kumagai 
and Namba (1927), too, found the D-L antibody in the sera of seven out 
of 35 patients with late syphilis and that Ehrlich’s finger test was also 
positive. Mackenzie (1929a) concluded (1) that PCH was “‘usually and 
perhaps always a manifestation of syphilis” and (2) “that a small 
percentage of patients with late syphilis have the latent form of 
paroxysmal hemoglobinuria.”’ He also stressed that PCH appeared only 
in the quiescent stage of late syphilis. Thurmon and Blain (1931) made 
the point that PCH could be the only sign of syphilis. They cited in 
support of this contention the finding of the D-L antibody in the serum 
of a boy, without clinical or serological evidence of syphilis, whose half- 
brother was a proved congenital syphilitic and who also suffered from 
PCH. 

Becker (1948) also concluded that syphilis was the cause of paroxysmal 
cold hemoglobinuria. He reviewed 37 reports in the literature published 
since 1930 and added a case of his own. Ten of the patients were 
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children; the parents of eight of the children were investigated and 
clinical or serological evidence of syphilis established in each case. In 
none of the 37 patients was there clinical evidence of active syphilis at 
the time of the development of the hemoglobinuria, although some gave 
a history of infection years previously. On the other hand, in eleven of 
the patients cited, positive serological reactions were the only signs of 
the syphilis, their personal histories and clinical examination being 
negative. In eight of the patients anti-syphilitic therapy was associated 
with amelioration or disappearance of the haemoglobinuria. 

Nabarro’s (1954) conclusions were very similar to those of Becker. 
He stressed in particular that when PCH occurs in congenital syphilis 
the underlying disease is practically always latent. Nabarro studied 13 
cases of PCH, all in children believed on other grounds to have congenital 
syphilis, as well as three possible examples, and two others not thought 
to be associated with syphilis (see p. 571). Of the fathers of these 
children, five were old soldiers, two had positive W.R.’s and three 
negative; the others were not tested: of the mothers, four were them- 
selves probably congenital syphilitics and six had positive W.R.’s; in 
one who was dead there was a history of syphilis and two were not 
tested. Nabarro made the point that in most instances the parental 
infection had occurred many years before the affected child was born. 

Not much is known as to the latent period in acquired syphilis. It may 
be many years but is sometimes comparatively short. The shortest 
recorded period from primary infection to PCH is probably the 1 year 
recorded by Mumme (1940). Perhaps the longest is the 55-year gap 
between infection and clinical evidence of hemoglobinuria in the 
patient recorded by Hill (1951). 

Burmeister’s (1921) conclusions differed from those of Mackenzie, 
Becker and Nabarro. Of 207 cases reported in the literature he con- 
sidered that there were indications of syphilis in only 79 (88%), although 
the W.R. was positive in 95% of the cases in which it was carried out. 
Contrary to other observers (see p. 567) Burmeister found that when he 
absorbed the lysin with erythrocytes in the cold, the Wassermann- 
reacting substance was also absorbed, and that when the lysin was 
dissociated from the sensitized corpuscles by warming, the eluate gave 
a positive W.R. Burmeister concluded that some cases of PCH occurred 
in the absence of syphilis, even though the W.R. was positive. 


Burmeister seems likely to have underestimated the part played 
by syphilis. Nevertheless, the existence of acute and chronic 
forms of PCH which are not associated with syphilis has certainly 
to be accepted; indeed, as has already been mentioned, with the 
partial elimination of syphilis from the community non-syphilitic 
cases are becoming relatively more frequently reported. But the 
role of syphilis is made all the harder to assess by two facts: one is 
that biologically false-positive W.R.’s may be found in auto- 
immune hemolytic anemias in patients where a syphilitic origin 
is exceedingly unlikely, as in Case 18 of Dacie (1954) where acute 
PCH developed in a child convalescing from measles; the second 
difficulty is that the D-L antibody and PCH often appear as the 
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only clinical manifestation of syphilis. It is possible in fact that 
the antibody may be present at a time when the usual serological 
tests for syphilis are negative, e.g., Thurmon and Blain’s (1931) 
Case 2. This makes it extremely hard to say whether or not 
syphilis can absolutely be excluded as the background to the 
disease in any particular case, as for instance, in Case 17 of Dacie 
(1954). 


NON-SYPHILITIC PAROXYSMAL COLD HAZAMO- 
GLOBINURIA 


(a) Acute Transient Type ((?) Secondary). As already 
referred to, a small number of cases has been described where 
PCH has developed transitorily in patients where infection with 
syphilis, either congenital or acquired, seems highly unlikely. 
Kaiser and Bradford (1929), Gasser (1951, p. 140), Sweetnam, 
Murphy and Woodcock (1952) and Nelson and Nicholl (1960) have 
all described acute episodes of hemolytic anzemia with hemo- 
globinuria in which the antibody present appeared to be of the 
D-L type. 


Kaiser and Bradford’s patient was a small boy aged 24 whose hamo- 
lytic crisis developed in the prodromal stage of chicken-pox. Gasser’s 
Case 46 was a boy aged 2? years whose hemoglobinuria lasted 4 days. 
The Donath-Landsteiner test was transitorily positive. Sweetnam, 
Murphy and Woodcock’s patient was also a small boy, aged 34 years 
who was admitted into hospital complaining of headache, abdominal 
pain, and rigors. Hzmoglobinuria was present but this persisted for 
only 12-18 hours and recovery was complete. The Donath-Landsteiner 
test was positive (titre, 4) on admission to hospital. Nelson and 
Marshall’s patient, a man of 61, developed PCH during a ‘“‘flu-like 
illness.”’ A further example of this kind of ‘‘secondary’’ PCH was 
reported by Ellis, Wollenman and Stetson (1948) in a young man 
apparently suffering from infectious mononucleosis (see p. 536), and 
Case 18 of Dacie (1954), a young girl who suffered from acute PCH 
following measles, doubtless comes into this category also (Table 49, 
Figs. 164 and 175). The W.R. was positive at the height of the hemo- 
lysis in the cases described by Kaiser and Bradford, Gasser, and Dacie. 
Nabarro (1954) referred to two children who suffered from transient 
hemoglobinuria. In one the attacks followed a cold and sore throat. 
Both had positive W.R.’s which became negative spontaneously. There 
was no evidence of syphilis in either family. 

van Loghem, van der Hart and Dorfmeier (1958) referred to six 
non-syphilitic patients whose sera they had investigated, but except 
for giving the ages of the patients, 5 months to 18 years, five being 
3 years or younger, no clinical details were appended. One child, 
however, subsequently developed a chronic hzemolytic anzemia asso- 
ciated with the presence of a warm auto-antibody after having formed a 
biphasic lysin at the start of the illness. 
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Fic. 164. Serial serological and other observations during the 
recovery of a patient from acute paroxysmal cold hemo- 
globinuria (Case 18 of Dacie, 1954). 

W.R. = Wassermann reaction; D.A-G. = direct antiglobulin 
test ; D-L. = Donath-Landsteiner test (the figures in parentheses 
indicate titres). 


(b) Chronic “Idiopathic” Type. Probably even rarer than 
the acute transient type of non-syphilitic PCH are the chronic 
cases of unknown origin. Two patients out of a total of seven cases 
of PCH which have been investigated by the author in the last 
14 years have belonged to this category. 


The history of one of these patients was described by Dacie (1954, 
p. 287) as Case 17. This young man, who had a single episode of hemo- 
globinuria in December 1949 as the result of severe chilling and never 
had any symptoms subsequently, still gave a positive D-L reaction in 
1957 when last tested. The antibody titre was, however, lower than in 
1949 and 1950 (titre 2 compared with 16 originally). W.R. and Kahn 
tests carried out on this patient’s blood and C.S.F. have always been 
negative and there are no clinical stigmata of syphilis. Blood W.R. and 
Kahn tests were negative when carried out on both parents and a sister. 

Leonardi and Andolfatto-Zaglia (1960) have recently reported on a 
more seriously affected chronic case. The patient was a woman aged 
37 and all tests for syphilis were negative. The D-L type of antibody 
present had a relatively high thermal range (up to 20° C.) and was shown 
to act in vitro also as a cold leuco-agglutinin. The cold-agglutinin titre, 
using the patient’s or normal erythrocytes, was 64. 
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In view of the above reports it seems most logical to consider 
paroxysmal cold hemoglobinuria as a syndrome of varying 
etiology, the connecting link between the different types being 
the formation of a cold auto-antibody of more or less uniform 
characteristics. At least three clinical types may be distinguished 
(Table 54), the non-syphilitic types being probably more closely 
allied etiologically to acquired hemolytic anzemia of the auto- 
immune type than syphilitic PCH, but differing with respect to 
the type of antibody which is formed. 


Table 54 
A Classification of the Paroxysmal Cold Hemoglobinurias 


(1) Syphilitic 
chronic type 


Paroxysmal ve 
cold hamo- Acute transient 
globinuria ae type, ‘“‘idiopathic”’ 
SS ve or (?) secondary 
(2) Non-syphilitic as 
types ~< 
Chronic 
‘*idiopathic” 
type 


TREATMENT OF PAROXYSMAL COLD HAMO- 
GLOBINURIA 


Anti-Syphilitic Therapy. It seems logical to treat patients 
in whom there is definite evidence of syphilis with anti-syphilitic 
drugs, and there are now many reports of clinical improvement, 
with the attacks of hemoglobinuria diminishing in frequency or 
disappearing altogether. The titre of the D-L antibody diminishes 
in parallel but the antibody may not disappear altogether. 


The most comprehensive relatively early report of the effect of anti- 
syphilitic therapy is that of Kumagai and Namba (1927), who stated 
that ten out of 14 patients were clinically cured. Mackenzie (1929a), 
in reviewing earlier reports of failure of therapy or equivocal results, 
pointed out that this could generally be attributed to treatment being 
insufficiently intensive and prolonged. Mackenzie added that in three 
personal cases the clinical manifestations ceased, the W.R. became 
negative and the autohzemolysin disappeared from the serum in the 
order named. Nabarro’s (1954) series of 13 congenital syphilitics with 
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PCH were treated intensively with arsenicals and/or mercury. The 
attacks of hemoglobinuria eventually ceased in every case and the 
serological reaction became negative in at least nine instances. 

There is less information on the effect of penicillin therapy in PCH. 
However, clinical cure has been reported by Nichols and Williams (1949), 
Cattan, Frumusan and Dausset (1955) and, as a result of penicillin 
combined with arsenicals and bismuth, by Nelson and Nicholl (1960). 
It is interesting to note that the D-L reaction remained positive in all 
these cases. Milic (1957) reported that penicillin therapy, 30 mega units 
in 2 years, failed to influence the clinical course of the disease in one 
patient or modify the D-L test. 


Other Treatment. Becker (1948) stated that antihistamines 
would control to some extent urticarial lesions but had no effect 
on the hemoglobinuria. Carey and co-workers (1950), similarly 
reported that a short (5-day) course of ACTH (450 mg.) controlled 
itching and urticaria but did not affect the ease with which hemo- 
globinuria could be provoked. Armentano and Bendsath (1936) 
claimed benefit from vitamin-C therapy. This was not confirmed 
by Marx (1954). 

In non-syphilitic cases no specific treatment is available. In 
acute cases, steroid therapy might well be tried, but there seems 
no reason to recommend this for chronic cases of “idiopathic” 
type. Avoidance of cold and damp would be likely to be more 
effective and much safer. 


REFERENCES 


ARMENTANO, L., and BEeNpsAtTH, A. (1986). ‘‘H&moglobinurie und 
Vitamin C.”’ Klin. Wschr., 15, 1594. 

Banov, C. H. (1960). ‘‘Paroxysmal cold hemoglobinuria: apparent 
remission after splenectomy.” J. Amer. med. Ass., 174, 1974. 
Baxter, J. A., and Jorpan, W. S. Jnr (1954). ‘‘Role of magnesium 
ions in Donath-Landsteiner hemolytic reaction of paroxysmal cold 

hemoglobinuria.’’ Proc. Soc. exp. Biol. (N.Y.), 85, 648. 

BECKER, R. M. (1948). ‘‘Paroxysmal cold hemoglobinurias.”’ Arch. 
intern. Med., 81, 630. o 

BJ@RN-HANSEN, H. (1936). ‘‘Uber die paroxysmale Kaltehamo- 
globinurie.”’ Acta med. scand., 88, 129. 

Bonnin, J. A., and Scuwartz, L. (1954). ‘*The combined study of 
agglutination, hemolysis and erythrophagocytosis, with special 
reference to acquired hemolytic anemia.” Blood, 9, 773. 

Brownine, C. H., and Watson, H. F. (1912-13). ‘Paroxysmal 
hemoglobinuria: (1) its relation to syphilis as shown by the 
Wassermann reaction; (2) the action of the serum-hzemolysin.” 
J. Path. Bact., 17, 117. 

Burmeister, J. (1921). ‘Uber paroxysmale Hamoglobinurie und 
Syphilis; zugleich ein Beitrag zum Problem der Erkaltungskrank- 
heiten.”” Z. klin. Med., 92, 19. 


BIBLIOGRAPHY 575 


Bywater, H. G. (1930). ‘‘Hemoglobinuria with Raynaud’s disease.” 
Lancet, 2, 632. 

Carry, R. A., Harvey, A.Mc., Howarp, J. E., and WAGLEY, P. F. 
(1950). ‘‘The effect of adrenocorticotropic hormone (ACTH) and 
cortisone on drug hypersensitivity reactions.”’ Bull. Johns Hopk. 
Hosp., 87, 354. 

CaTTAN, R., FrumusAN, P., and DAussEt, J. (1955). ‘‘ Hémoglobinurie 
paroxystique 4 frigore chez un syphilitique guéri par la pénicilline.”’ 
Sang, 26, 714. 

CHVOSTEK, F’. (1894). Ueber das Wesen der paroxysmalen Hdmoglobinurie. 
Deuticke, Wien. 

Cooke, R. A. (1912). ‘‘ Paroxysmal hemoglobinuria. 
Sci., 144, 203. 

Dactz, J. V. (1949). ‘‘Hemolysins in acquired hemolytic anemia. 
Effect of pH on the activity in vitro of a serum hemolysin.” 
Blood, 4, 928. 

Dactg, J. V. (1952). ‘‘Auto-antibodies in acquired hemolytic anemia 
in man.”’ London University Thesis for M.D. degree. 

Dacig, J. V. (1954). The Hemolytic Anemias: Congenital and Acquired. 
Churchill, London. 

Dacigz, J. V. (1955). ‘The hemolytic activity of cold antibodies.” 
Proc. Roy. Soc. Med., 48, 211. 

Dactg, J. V. (1956). Practical Hematology, 2nd edn., p. 126. Churchill, 
London. 

Dacir, J. V., CRooKsTon, J. H., and CurisTENsSoN, W. N. (1957). 
‘*** Incomplete’ cold antibodies: role of complement in sensitization 
to antiglobulin serum by potentially haemolytic antibodies.” Brit. 
J. Hemat., 3, '77. . 

DavssET, J., COLOMBANI, J., and Evetin, J. (1957). ‘Technique de 
recherche des auto-hémolysines immunologiques.” Rev. frang. Et. 
clin. biol., 11, '735. 

DENNIE, C. C., and RoBERTSON, O. H. (1915). ‘‘Study of a case of 
paroxysmal hemoglobinuria: serum reactions: urobilin and hemo- 
globin excretion.’ Arch. intern. Med., 16, 205. 

Dickinson, W. H. (1865). ‘‘Notes on four cases of intermittent 
hematuria.’ Lancet, i, 568. 

Donatu, J., and LANDSTEINER, K. (1904). ‘‘Ueber paroxysmale 
Hamoglobinurie.” Miinch. med. Wschr., 51, 1590. 

DonatH, J., and LANDSTEINER, K. (1906). ‘‘Ueber paroxysmale 
Hamoglobinurie.” Z. klin. Med., 58, 173. 

Donat, J., and LANDSTEINER, K. (1908). ‘‘ Weitere Beobactungen 
tiber paroxysmale Hamoglobinurie.” Zbl. Bakt. (Abt. I. Orig.), 45, 
204. 

Donatu, J., and LANpstenter, K. (1925). “Uber Kaltehimoglo- 
binurie.”” Ergebn. Hyg. Bakt., 7, 184. 

DreESSLER, Dr. (1854). ‘‘Ein Fall von intermittirender Albuminurie 
und Chromaturie.”’ Arch. Path. Anat. Physiol., 6, 264. 

Eason, J. (1906). ‘“‘The pathology of paroxysmal hzmoglobinuria.”’ 
J. Path. Bact., 11, 167. 

Hason, J. (1907). ‘‘Phagocytosis of erythrocytes, and the question of 
opsonin in paroxysmal hemogiobinuria.”’ Edinb. med. J., 21, 440. 

EHuezicnu, P. (188la). ‘“‘Uber paroxysmale Haimoglobinurie.” Z. klin. 
Med., 3, 383. 


vie) 


Amer. J. med. 


576 PAROXYSMAL CoLD HA&MOGLOBINURIA 


Euruicu, P. (1881b). “Uber paroxysmale Hamoglobinurie.” Disch. 
med. Wschr., 7, 224. 

Euruicu, P. (1891). ‘Ueber paroxysmale Hezemoglobinurie.” In 
Farbeanalytische Untersuchungen zur Histologie und Klinik des 
Blutes, p. 110. August Hirschwald, Berlin. 

Euruicu, P., and Morcenroru, J. (1899). ‘‘Ueber Hzemolysine. 
Zwiete Mittheilung.” Berl. klin. Wschr., 36, 481. 

Eis, L. B., WOLLENMAN, O. J., and STETSON, R. P. (1948). ‘‘Auto- 
hemagglutinins and hemolysins with hemoglobinuria and acute 
hemolytic anemia, in an illness resembling infectious mono- 
nucleosis.”’ Blood, 3, 419. 

ELLIOTSON, J. (1832). ‘Diseases of the heart united with ague.”’ 
Lancet, i, 500. 

Emite-WeiL, P., and Srrerret, R. (1927). “Etude analytique et 
critique de la réaction de Donath et Landsteiner.”’ Sang, 1, 128. 

FERRIMAN, D. G., Dactg, J. V., KEELE, K. D., and FULLERTON, J. M. 
(1951). “‘The association of Raynaud’s phenomena, chronic 
hemolytic anzmia, and the formation of cold antibodies.” Quart. 
J. Med., 20, 275. 

FIsHER, B. (1950). ‘‘ Positive Coombs’ test in cold hemoglobinuria.” 
J. Urol. (Baltimore), 64, 816. 

GASSER, C. (1951). Die hdmolytische Syndrome im Kindesalter, p. 1389. 
Georg Thieme, Stuttgart. 

GLUSHIEN, A. S. (1949). ‘‘Syphilitic paroxysmal cold hemoglobinuria 
of forty-one years’ duration associated with syphilitic heart 
disease.”? Amer. J. Syph., 33, 444. 

GOTzE, L. (1884). ‘Beitrag zur Lehre von der paroxysmalen Heemo- 
globinurie.”” Berl. klin. Wschr., 21, '716. 

Gouttas, A., TZEVRENIS, H., Pouccouras, P., RENiERI, N., and 
PAPATHANASSION, S. (1958). ‘‘Hémoglobinurie paroxystique a 
frigoré avec coexistence d’un anticorps froid incomplet a grande 
marge thermique.” Sang, 29, 53. 

GRAFE, E. (1911). ‘‘Zur Kenntnis der paroxysmalen Hamoglobinurie.”’ 
Dtsch. med. Wschr., 37, 2035. 

HANNEMA, L. S., and Ryrma, J. R. (1922). “Investigations into a case 
of paroxysmal hemoglobinuria.” Lancet, ii, 1217. 

HARLEY, G. (1865). ‘‘Notes of two cases of intermittent hematuria; 
with remarks upon their pathology and treatment.” Lancet, i, 
568. 

Harris, K. E., Lewis, T., and Vaucuan, J. M. (1929). ‘‘Hemo- 
globinuria and urticaria from cold occurring singly or in combina- 
tion; observations referring especially to the mechanism of 
urticaria with some remarks on Raynaud’s disease.’ Heart, 14, 305. 

Hassaut, A. H. (1865). ‘‘On intermittent, or winter hematuria.”’ 
Lancet, ii, 368. 

HENNEMANN, H. H. (1957). Erworbene hdmolytische Andmien. Klinik 
und Serologie. George Theime, Leipzig. 

HENNEMANN, H., and SEIFERT, J. (1957). °“‘ Immunohamatologische 
Untersuchungen bei einer syphilitischen paroxysmalen Kaltehimo- 
globinurie.”” Folia hemat. (Lpz.), 75, 52. 

HIJMANS VAN DEN Bercu, A. A. (1909a). ‘‘Untersuchungen tiber die 
Hamolyse bei der paroxysmalen Hamoglobinurie.” Berl. klin. 
Wschr., 46, 1251. 


BIBLIOGRAPHY 577 


HIJMANS VAN DEN BERrGH, A. A. (1909b). ‘‘ Ueber die Hamolyse bei der 
paroxysmalen Hamoglobinurie.”’ Berl. klin. Wschr., 46, 1609. 
Hitt, N. P. (1951). ‘“‘Syphilitic paroxysmal cold hemoglobinuria 
causing a transfusion reaction: response to penicillin.” Amer. J. 

Syph., 35, 329. 

Hinz, C. F. Jnr, PIckEN, M. E., and Lrerow, I. H. (196la). ‘‘Studies 
on immune human hemolysis. I. The kinetics of the Donath- 
Landsteiner reaction and the requirement for complement in the 
reaction.” J. exp. Med., 113, 177. 

Hinz, C. F. Jnr, Picken, M. E., and Lrpow, I. H. (1961b). ‘‘Studies 
on immune human hemolysis. II. The Donath-Landsteiner 
reaction as a model system for studying the mechanism of action 
of complement and the role of C’1 and C’1 esterase.’ J. exp. Med., 
113, 193. 

Hoover, C. F., and STONE, G. W. (1908). ‘‘ Paroxysmal hemoglobinuria. 
Account of two cases.”’ Arch. intern. Med., 2, 392. 

Horrre, H. H., and Wirre, A. (1960). ‘‘Hamolytische Erkrankung 
eines Neugeborenen bei paroxysmaler Kaltehamoglobinurie der 
Mutter.” Vow Sang. (Basel), 5, 425. 

Hunt, J. H. (1986). ‘“‘The Raynaud phenomena: a critical review.”’ 
Quart. J. Med., 5, 399. 

JANDL, J. H., and Tomiinson, A. S. (1958). ‘‘The destruction of red 
cells by antibodies in man. II. Pyrogenic, leukocytic and dermal 
responses to immune hemolysis.” J. clin. Invest., 37, 1202. 

JORDAN, F. L. J. (1958). *‘ The role of complement in immunohemolytic 
disease.’ Proc. 6th int. Congr. int. Soc. Hemat., Boston, 1956, p. 825. 
Grune and Stratton, New York. 

JORDAN, F. L. J., and SCHLESINGER, F. G. (1955). ‘Studies on the 
destruction of red blood cells in paroxysmal cold hemoglobinuria 
of the Donath-Landsteiner (syphilitic) type.’? Acta med. scand., 
151, 107. 

JORDAN, W. S. Jnr (1952). ‘‘Separate identities of the Donath-Land- 
steiner hemolysin (PCH antibody) and Treponemal immobilizing 
antibody.” Proc. Soc. exp. Biol. (N.Y.), 80, 357. 

JORDAN, W. S. Jnr, PILLEMER, L., and DINGLE, J. H. (195la). ‘*The 
mechanism of hemolysis in paroxysmal cold hemoglobinuria. 
I. The role of complement and its components in the Donath- 
Landsteiner reaction.” J. clin. Invest., 30, 11. 

JORDAN, W. S. Jnr, PILLEMER, L., and DINGLE, J. H. (1951b). ‘‘The 
mechanism of hemolysis in paroxysmal cold hemoglobinuria. 
II. Observations on the behavior and nature of the antibody.” 
J. clin. Invest., 30, 22. 

JORDAN, W.S. Jnr, Prouty, R. L., HEINLE, R. W., and DINGLE, J. H. 
(1952). ‘‘The mechanism of hemolysis in paroxysmal cold hemo- 
globinuria. III. Erythrophagocytosis and leukopenia.”’ Blood, 7, 
387. 

Kaiser, A. D., and Braprorp, W. L. (1929). ‘‘Severe hemoglobinuria 
in a child, occurring in the prodromal stage of chickenpox.”’ Arch. 
Pediat., 46, 571. 

KAZNELSON, P. (1921). ‘‘Beobactungen tiber paroxysmale Kalthamo- 
globinurie und Kalteikterus.”’ Disch. Arch. klin. Med., 138, 46. 
KUESSNER, B. (1879). ‘‘Paroxysmale Hamoglobinurie.”’ Désch. med. 

Wschr., 5, 475. 


578 PAROXYSMAL CoLD H#MOGLOBINURIA 


Kumagal, T., and Namsa, M. (1927). ‘‘ Weitere Beitrage zur Kenntnis 
der paroxysmalen Hamoglobinurie.”’ Disch. Arch. klin. Med., 156, 
257. 

LANDMANN, J. (1958). ‘‘Estudo sobre a hemoglobinuria paroxistica a 
frio (segundo caso observado no Brasil).”? Gaz. méd. port., 11, 77. 

LEONARDI, P., and ANDOLFATTO-ZAGLIA, G. (1960). ‘‘ Emoglobinuria 
parossistica a frigore non luetica da anticorpo bifasico tipo Donath 
e Landsteiner.”” Min. med. (Torino), 51, 453. 

LIcHTHEIM, L. (1876). ‘‘Ueber periodische Hamoglobinurie. 
lung klin. Vortrdge, ed. R. Volkmann, 134, 1147. 

Locuem, J. J. VAN, Jnr, Hart, MIA VAN DER, and DORFMEIER, H. 
(1958). ‘Serologic studies in acquired hemolytic anemia.’’ Proc. 
6th int. Congr. int. Soc. Hemat., Boston, 1956, p. 857. Grune and 
Stratton, New York. 

LocueEM, J. J. VAN, Jnr, MENDES DE LrEon, D. E., FRENKEL-TIETZ, H., 
and Hart, M. VAN DER (1952). ‘*Two different serologic mecha- 
nisms of paroxysmal cold hemoglobinuria, illustrated by three 
cases.’ Blood, 7, 1196. 

MacatisTeR, G. H. K. (1908-09). ‘‘The pathology of paroxysmal 
hemoglobinuria. A critical review.” Quart. J. Med., 2, 368. 

MACKENZIE, G. M. (1923). ‘‘The auto-hemolysin of paroxysmal hemo- 
globinuria.”? Proc. Soc. exp. Biol. (N.Y.), 20, 276. 

MACKENZIE, G. M. (1929a). ‘‘ Paroxysmal hemoglobinuria. A review.”’ 
Medicine (Baltimore), 8, 159. 

MACKENZIE, G. M. (1929b). ‘‘Observations on paroxysmal hemo- 
globinuria.”” J. clin. Invest., 7, 27. 

Marx, R. (1954). ‘‘Zur Therapie idiopathischer Hamoglobinurien.”’ 
Med. Mschr., 8, 807. 

Matsuo, J. (1912). ‘Uber die klinischen und serologischen Unter- 
suchungen der paroxysmalen Himoglobinurie, zugleich ein Beitrag 
zur Kenntnis der Isolysine.”? Disch. Arch. klin. Med., 107, 335. 

Mever, E., and Emmenicn, E. (1909). ‘Uber paroxysmale Himo- 
globinurie.”” Dtsch. Arch. klin. Med., 96, 287. 

Mitic, N. (1957). ‘‘Paroxysmal cold hemoglobinuria with positive 
treponema immobilization test. Report of a case.’ Blood, 12, 907. 

Moro, E., and Nona, S. (1909). ‘‘Paroxysmale Hamoglobinurie und 
Hamolyse in vitro.”? Miinch. med. Wschr., 56, 545. 

Moss, W. L. (1911). ‘‘Paroxysmal hemoglobinuria: blood studies in 
three cases.” Johns Hopk. Hosp. Bull., 22, 238. 

Mung, C. (1940). “Uber paroxysmale Kaltehimoglobinurie und tiber 
einen besonderen Fall von Hamoglobinurie bei Glomerulonephritis.”’ 
Z. klin. Med., 138, 334. 

Murri, A. (1885). ‘‘Emoglobinuria e sifilide.” Riv. clin. Bologna, 
Series 3, 241, 321. 

NABARRO, D. (1954). Congenital Syphilis, pp. 247-261. Arnold, London. 

NeEtson, M. G., and NicHoxu, B. (1960). ‘‘Paroxysmal cold hemo- 
globinuria.”” Irish J. med. Sct., Sixth Series, No. 410, 49. 

Nicuois, F. T., and WiiuiaMs, C. J. (1949). ‘‘ Paroxysmal cold hemo- 
globinuria associated with dementia paralytica. Report of treat- 
ment with penicillin.” J. Amer. med. Ass., 140, 1322. 

ParisH, D. J., and MircHe1, J. R. A. (1960). ‘‘Syphilitic paroxysmal 
cold hemoglobinuria. Case report and study of the Coombs test.” 
J. clin. Path., 13, 237. 


99 


Samm- 


BIBLIOGRAPHY 579 


PETERSON, E. T., and WALForD, R. L. (1952). ‘‘Serologic properties of 
a cold hemolysin and an acid hemolysin occurring in a case of 
syphilitic paroxysmal cold hemoglobinuria.”’ Blood, 7, 1109. 

Rowrer, F. (1901). ‘“‘Ueber ein Symptom der Hamoglobinurie: 
Cyanose und Gangrin am 4usseren Ohr.” Z. Ohrenheilk, 39, 
165. 

ROSENBACH, O. (1879). ‘‘Zur Lehre von der periodischen Hamo- 
globinurie.”’ Dtsch. med. Wschr., 5, 613. 

RosENBACH, O. (1880). ‘‘Beitrag zur Lehre von der periodischen 
Hamoglobinurie.” Berl. klin. Wschr., 17, 132, 151. 

ScumipT, J., and Ciirrorp, G. O. (1960). ‘“‘Studies of the antibody in 
paroxysmal cold hemoglobinuria.’ Clin. Research, 8, 217. 

ScHUBOTHE, H. (1956). ‘‘Die Serologie der Kaltehdmolysine.” 4th 
Kongr. Europ. Ges. Hdmat., Freiburg I. Br., Sept. 1955, p. 781. 
Springer-Verlag. Berlin. 

ScHUBOTHE, H. (1958). Serologie und klinische Bedeutung der Auto- 
hdmantikorper. S. Karger, Basel. 

ScHUBOTHE, H. (1959). ‘‘Serologie und Klinik der Autoimmunhamo- 
lytischen Erkrankungen.” LErgebn. inn. Med. Kinderheilk., 11, 
466. 

SEccui, —. (1872). ‘‘Ein Fall von Hamoglobinurie aus der Klinik des 
Geh. Rath Prof. Dr. Lebert.”’ Berl. klin. Wschr., 9, 237. 

SIEBENS, A. A., ZINKHAM, W. H., and WAGLEY, P. F. (1948). ‘‘ Observa- 
tions on the mechanism of hemolysis in paroxysmal (cold) hemo- 
globinuria.”’ Blood, 3, 1367. 

Stats, D., and WASSERMAN, L. R. (19438). ‘‘Cold hemagglutination— 
an interpretive review.” Medicine (Baltimore), 22, 363. 

SussMAN, R. M., and Kaypen, H: J. (1948). ‘‘Renal insufficiency due 
to paroxysmal cold hemoglobinuria.’ <Arch. intern. Med., 82, 
598. 

SWEETNAM, W. P., Murpuy, E. F., and Woopcock, R. C. (1952). 
‘‘Acute idiopathic paroxysmal cold hemoglobinuria of non- 
syphilitic type in a child.’ Brit. med. J., i, 465. . 

SwISHER, S. N. (1956). ‘‘ Nonspecific adherence of platelets and leuko- 
cytes to antibody-sensitized red cells: a mechanism producing 
thrombocytopenia and leukopenia during incompatible trans- 
fusion.” J. clin. Invest., 35, 738. 

THurRMON, F., and Buain, D. (1931). ‘Paroxysmal hemoglobinuria. 
Observations based upon the study of three cases.” Amer. J. Syph., 
15, 350. 

TOTTERMAN, L. EH. (1946). “A contribution to the knowledge of 
paroxysmal cold hemoglobinuria.” Acta med. scand., 124, 446. 
Ucuipa, H. (1921). ‘Uber die Erythrophagozytose der Leukozyten, 
besonders bei der paroxysmalen Hamoglobinurie.”’ Mitt. med. Fak. 

Tokyo, 26, 503. 

WAGLEY, P. F., ZINKHAM, W. H., and SIEBENS, A. A. (1947). “A note 
on studies of hemolysis in paroxysmal (cold) hemoglobinuria.”’ 
Amer. J. Med., 2, 342. 

Watson, K. C., and Laurie, W. (1956). ‘‘Syphilitic cold hamo- 
globinuria.”” S. Afr. med. J., 30, 1001. 

Wipat, F., Aprami, P., and Brissaup, E. (1918a). ‘‘ Recherches sur 
V’hémoglobinurie paroxystique ‘a frigore’.”” Sem. méd. (Paris), 33, 
585. 


580 PAROXYSMAL CoLD Ha&MOGLOBINURIA 


Wipat, F., ABrAmI, P., and Brissaup, E. (1918b). ‘‘L’auto anaphyl- 
axie. Son rdle dans V’hémoglobinurie paroxystique. Traitment 
anti-anaphylactique de ’hémoglobinurie. Conception physique de 
Vanaphylaxie.”’ Sem. méd. (Paris), 33, 613. 

WILTSHIRE, A. (1867). ‘‘ Urine from a case of intermittent hematuria.” 
Trans. path. Soc. Lond., 18, 180. 

YorKE, W., and Macrir, J. W. S. (1921). ‘‘The mechanism of autolysis 
in paroxysmal hemoglobinuria.” Brit. J. exp. Path., 2, 115. 


CHAPTER 11 


THE AUTO-IMMUNE HAMOLYTIC ANAMIAS 
V. HZTIOLOGY AND PATHOGENESIS 


JETIOLOGY 


THE cause or causes of the development of the abnormal auto- 
antibodies of acquired hemolytic anzmia are still not exactly 
understood. However, a great deal of thought has been devoted 
to the question in recent years. The concept of auto-immune 
diseases has been widened and to some extent consolidated, and 
the problem as to why and how a patient should apparently form 
antibodies against his own tissues has been repeatedly discussed. 
Promising new experimental approaches have been developed, in 
particular, those stemming from the theoretical discussions of 
Burnet (Burnet and Fenner, 1949; Burnet, 1956, 1959a, b, c, 1961) 
and the experimental studies of transplantation immunity carried 
out by Medawar and his colleagues (see Billingham, Brent and 
Medawar, 1953; Medawar, 1961). Before considering the particular 
problem of auto-immunization against erythrocytes, the general 
problem of auto-antibody formation will be briefly discussed. 

It is now just over 60 years since the classic studies of Ehrlich 
and Morgenroth on hemolysins were published. Ehrlich and 
Morgenroth (1900), in their third publication, described how 
they injected goats intraperitoneally with the laked blood of other 
goats and looked for the development of hemolysins in the blood 
of the recipient goats. These lysins were regularly found, and 
blood samples of all the goats tested, except that of the recipients, 
were found to be sensitive to lysis. This led Ehrlich and Morgen- 
roth to distinguish clearly between an “‘isolysin”—capable of 
hemolysing the cells of animals of the same species, and an 
“‘autolysin’’, capable of heemolysing the cells of the experimental 
animal itself. The potential importance of an autolysin was 
immediately apparent to them. They wrote (English translation 
by Bolduan of Ehrlich’s (1906) Collected Studies on Immunity, 
pw25) 

“It is therefore of the highest pathological importance to 
determine whether the absorption of its own body material can 
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excite reactive changes in the organism, and what the nature of the 
change is. The simplest conditions and those most accessible to 
experimental study are those which arise on the absorption of 
blood-cells. But here we face a curious dilemma. If an animal 
organism, when injected with blood-cells of a foreign species, 
always produces a specific hemolysin for each of these species, it 
must surely be following a natural law; and it is improbable that 
the law which applies in any particular number of cases should 
be suspended in the case of blood-cells of the same individual.” 

A little later they wrote: “It cannot be doubted that the organism 
seeks a way out of this difficulty by means of certain regulating 
contrivances, whose determination will be of the highest interest.” 
Later, they refer to their experimental work as an example of the 
general law that autolysins are not capable of existence in an 
organism, and they speculated that “‘anti-autolysins”’ might play 
a part in neutralizing autolysins, if they should be formed, and 
also that the receptors might disappear. The celebrated phrase 
‘horror autotoxicus’’ is not mentioned as such. This came later 
(Ehrlich and Morgenroth, 1901). In Bolduan’s (1906, p. 82) English 
translation: “In the third communication, on isolysins, we pointed 
out that the organism possesses certain contrivances by means of 
which the immunity reaction, so easily produced by all kinds of 
cells, is prevented from acting against the organism’s own elements 
and so give[s| rise to autotoxins. Further investigations made by 
us have confirmed this view, so that one might be justified in - 
speaking of a “horror autotoxicus”’ of the organism. These 
contrivances are naturally of the highest importance for the exis- 
tence of the individual.”’ Earlier, Ehrlich and Morgenroth (1900) 
in referring to the possibilities of auto-intoxication occurring in 
man, made the point that: “Only when the internal regulating 
contrivances are no longer intact can great dangers arise”’ 
(Bolduan, 1906, p. 35). 

Ehrlich and Morgenroth’s concept as given above can hardly be 
faulted even today. The “law” of “horror autotoxicus’’, so often 
quoted at the present time, still stands and even if the “internal 
regulating contrivances’’ may not be those that they conceived, 
their suggestion that their breakdown could lead to great dangers 
seems exactly right. 

Definition of an Auto-Antibody. In the present author’s 
view, it is important to clarify what is meant by the term auto- 
antibody. In its most narrow sense, in relation to erythrocytes, 
it could be defined (Dacie, 1958b) as an antibody formed by normal 
antibody-forming cells against the subject’s own normal erythro- 
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cytes, acting as antigen, in apparent direct contradiction of the 
law of “‘horror autotoxicus’’: in a broader sense, it could be held 
merely to mean an antibody capable of being adsorbed by auto- 
logous cells at 37° C., or even below this temperature, and causing 
agglutination, lysis or sensitization to agglutination by antiglobulin 
serum, without specifying either that the erythrocytes themselves 
or the antibody-forming mechanism was necessarily normal. If the 
latter viewpoint is accepted, and this to the author seems the right 
way to look at the problem, the concept of “horror autotoxicus”’ 
can still be accepted as valid under normal conditions, for there is 
no reason whatever to suppose that auto-immune hemolytic 
anzmia ever develops on the basis of strictly normal erythrocytes 
or a Strictly normal antibody-forming tissue. 

Witebsky has been a powerful champion of Ehrlich’s “horror 
autotoxicus’’. However, he (Witebsky, Rose and Shulman, 1956; 
Witebsky, 1959) has accepted the Donath-Landsteiner antibody of 
paroxysmal cold hemoglobinuria as an auto-antibody while still 
questioning the validity of the concept in respect of other hemolytic 
anzemias. Witebsky (1959) argued against the uncritical acceptance 
of the warm-antibody type of acquired hemolytic anzemia as an 
auto-immune disease on the following grounds: (1) there is no 
experimental counterpart; (2) the erythrocyte antigen is uncertain 
or unknown, and (3) the assumption that a positive antiglobulin 
test means adsorption of antibody is not necessarily correct. In 
the present author’s view the concept of “‘horror autotoxicus”’ 
needs no defence. It is unassailable as an integral part of health. 
The “internal regulating contrivances”’ of Ehrlich and Morgenroth 
comprise, as we now know, the feetal “‘actively acquired tolerance”’ 
of Billingham, Brent and Medawar (1953) and possibly also other 
at present less tangible homeostatic mechanisms (Burnet, 1959a). 
Auto-immune hemolytic anzmia develops in consequence of a 
breakdown of “ horror autotoxicus”’;it is a question of the exception 
proving the rule. Recent reviews dealing with the genesis and 
mechanism of auto-immune disease, with reference to acquired 
hemolytic anemia, include the following: Eyquem (1956), Dixon 
(1958), Dausset (1958), Grabar (1959), Burnet (1959b, c) and 
Dameshek and Schwartz (1959a, b). 

The following sections are concerned with evidence and hypo- 
theses concerning the occurrence of auto-immune hemolytic 
anzmia in man, and attempts to reproduce the disease experi- 
mentally in animals. 

Two main hypotheses for the development of auto-immune 
hemolytic anzemia have been advanced. These are: (1) an alteration 
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in the patient’s erythrocytes which has the effect of making 
them seem “‘foreign”’ or ‘“‘not-self’’ to his own antibody-forming 
tissues and thus antigenic, and (2) the development of anti- 
erythrocyte antibodies not due to a fault or change in the erythro- 
cytes but due to an unusual responsiveness or intrinsic activity 
of the antibody-forming tissues. The evidence for and against 
these hypotheses will be considered separately. 


ALTERED ERYTHROCYTE ANTIGENICITY IN 
AUTO-IMMUNE HAZMOLYTIC ANAMIA 


It seems both a conceivable and reasonable hypothesis that 
human erythrocytes might be altered and rendered antigenic by 
the adsorption to their surfaces of viruses or viral or bacterial 
enzymes, or products of their metabolism, and that antibodies 
might be produced in response to the presence of the damaged cells. 
Similarly, it is reasonable to suppose that a chemical or drug might, 
after adsorption to the surface of an erythrocyte, so alter the surface 
of the cell that it became antigenic, or that a combination of the 
drug and a component of the cell surface might together function 
as antigen in the same sort of way that many chemicals are known 
to combine with proteins and to impart to them greater or lesser 
degrees of ‘‘foreignness’’ and antigenicity (see Wright, 1953). The 
question is whether these types of mechanism actually produce 
auto-immune hemolytic anzemia in man. In the case of certain 
drug-dependent hemolytic aneemias they certainly do. The evidence 
for this will be considered briefly first. 

Role of Drugs. Following the studies of Harris (1954, 1956) 
with the anti-bilharzial drug stibophen (Fuadin), quinidine, 
quinine, phenacetin and para-aminosalicylic acid (PAS) have all 
been shown to be capable of initiating the formation of (drug- 
dependent) auto-antibodies (Freedman, Barr and Brody, 1956; 
Muirhead, Halden and Groves, 1958; MacGibbon ef al., 1960; 
Dausset and Bergerot-Blondel, 1961). In these cases a drug- 
erythrocyte complex is thought to act as antigen, and the antibody 
which is formed then reacts with erythrocytes to which drug has 
been adsorbed. In vitro, the antibody can only be demonstrated 
in the presence of the drug (see also Chapter 16). 


A more complicated situation was described in a patient by Muirhead 
and his co-workers (1959). Here exposure to insecticides (chlorinated 
hydrocarbons, including dieldrin) appears to have initiated a chronic 
haemolytic process, associated with leucopenia and thrombocytopenia, 
which became worse in the spraying season. Splenectomy was performed 
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and the patient remitted although the direct antiglobulin test remained 
positive. Nineteen months later an acute exacerbation followed another 
exposure to insecticides and this incident led to the patient’s death. The 
indirect antiglobulin test was positive with most types of erythrocytes, 
but more strongly positive in the presence of the insecticide, which in 
low dilutions, in the presence of the patient’s serum, caused lysis of the 
test erythrocytes. 


It is thus clear that drug “‘sensitivity’’ is a mechanism by which 
auto-immune hemolytic anemia can be produced. The incidents 
are, however, usually of short duration and Muirhead’s observation 
of a self-perpetuating mechanism, with a continuously positive 
antiglobulin test, is quite exceptional. Other authors have, it is 
true, observed the onset of chronic auto-immune hemolytic 
anemia in patients taking a variety of drugs, e.g., butazolidine 
(de Gruchy, 1954) and anti-epileptic drugs (Weiner, Whitehead and 
Walkden, 1956, and one patient of the present author’s series). In 
these cases, however, the presence of a drug-dependent antibody 
has not been demonstrated and it is difficult to be sure whether 
these occurrences are more than coincidences or whether the drug- 
taking has really provoked the hemolytic process in some way, 
acting as a “trigger”? mechanism or exacerbating a pre-existing 
hemolysis. 


Role of Infections and Infective Agents 


There is considerable clinical evidence that auto-immune 
hemolytic aneemia may closely follow and apparently be precipi- 
tated by bacterial or, more frequently, viral infections. This seems 
to be particularly so in children (e.g., the reports of K6lbl, 1955; 
Niemann é¢ al., 1956; Wuilleret, 1958). The role of virus pneumonia 
and infectious mononucleosis has already been described in detail 
and the possible implication of other viruses such as influenza 
virus-A, Coxsackie virus-A and the viruses of measles and varicella 
in certain exceptional cases has also been mentioned (p. 539). There 
are also reports of the apparent initiation or exacerbation of 
hemolytic anemia following vaccination against smallpox (K6lbl, 
1955) or poliomyelitis (Dameshek and Schwartz, 1959a), and, in a 
somewhat different category, of relapse following bee-stings 
(Christen and Jaccottet, 1958). In Japan, Komiya, Namihisa and 
Kato (1957) reported that all their patients who had the ‘“‘idio- 
pathic”? type of disease suffered from febrile episodes at the 
onset. 

Major and minor exacerbations of hemolysis in patients with 
established hemolytic anemia have also for long been recognized 
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as possible consequences of intercurrent upper respiratory tract or 
other infections (Kissmeyer-Nielsen, 1957; Pisciotta, Downer and 
Hinz, 1959). However, the mechanism of the exacerbations of 
hemolysis remains obscure. 

In the present author’s series, leaving aside the cases associated 
with virus pneumonia or infectious mononucleosis, a history of 
recent infection preceding the recognition of hemolytic anemia 
has, however, seldom been recorded. Of the warm-antibody cases, 
if the patients whose hemolytic anzmia was associated with 
malignant disease, cirrhosis or disseminated lupus erythematosus are 
excluded, 101 cases remain: in nine of these the onset of anzemia 
was associated with underlying infection; one patient had had 
measles, one had subacute bacterial endocarditis, two tuberculosis, 
four bronchiectasis and bronchitis, and one bronchopneumonia. In 
addition, two patients had ulcerative colitis. Of the patients 
forming cold antibodies, one who probably had virus pneumonia 
also had tuberculosis. Less well defined infections preceding the 
onset of hemolytic anzmia have not been of sufficient importance 
to be remembered by the patients or recorded in their notes. Nor 
have febrile episodes at the start of the illness, if present, been 
attributed to infection. 


Newcastle Disease Virus 


The publications of Moolten and Clark (1952a,b) and Moolten and 
co-workers (1953) focussed attention on the virus of Newcastle disease 
(NDV) as a possible aetiological factor in human haemolytic anemia. 
This hypothesis has, however, not been substantiated by later work. 

Autohemageglutination was a marked feature in Moolten and Clark’s 
(1952a) first case and was attributed by them to adsorption of virus on 
the erythrocyte surfaces, and not to the presence of abnormal auto- 
agglutinins. Subsequently NDV, the virus of herpes simplex, and other 
unidentified viruses, were isolated from other patients suffering from 
various types of hemolytic anemia (Moolten and Clark, 1952b; Moolten 
et al., 1953). As already stated, this work does not seem to have been 
confirmed; in fact, what evidence there is seems to be against the 
hypothesis that NDV is a common etiological factor. Morgan (1952) 
searched for viruses in the blood of six patients and the spleens of three 
patients with acquired hemolytic anemia but none was isolated. 
Eyquem and Dausset (1952) studied the sera of 129 patients suffering 
from various types of anaemia. Seven sera inhibited the agglutination 
of erythrocytes by NDV; three of them contained a powerful inhibitor 
but only one of these was from a patient with acquired haemolytic 
anemia; the other two were from patients suffering from hereditary 
spherocytosis and paroxysmal nocturnal haemoglobinuria, respectively. 
Morgan (1955) reported on further negative studies carried out on eight 
patients. 
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Effects of Viruses on Erythrocytes In Vitro and Experimentally 
In Vivo 


Viruses have for long been known to exert profound effects on 
erythrocytes in vitro (see Briody, 1952), and lysis may be produced 
in vitro by the mumps virus (Morgan, Enders and Wagley, 1948; 
Moberley et al., 1958) and by the NDV virus (Kilham, 1949). 
There is no doubt, therefore, but that viruses can produce lysis as 
well as agglutination by a direct effect on erythrocytes. In vivo 
too, erythrocytes modified by influenza virus (Stewart, Petenyi and 
Rose, 1955) and NDV (Wright and Gardner, 1960) have been shown 
to have a reduced survival time. However, there is also no doubt 
but that the vast majority of human subjects who suffer from virus 
infections do not develop hemolytic anzemia in consequence. The 
question arises as to whether in the small minority in whom 
hemolysis is apparently precipitated by virus infection, the virus 
brings this about directly or indirectly. 


Modes of Action of Virus or Bacterial Products in Bringing about 
Heemolysis 


There seem to be several possible ways by which viruses (or 
bacteria), or enzymes derived from them, could bring about 
hemolytic anemia in man: (1) by a direct damaging effect on the 
erythrocyte surface; (2) by altering the cell surface in some way 
so that the modified cell becomes antigenic, and (3) by acting on 
the antibody-forming cells of the body so that they begin to form 
antibodies against normal erythrocyte antigens. 

Direct Damage. There is little or no positive evidence of direct 
damage being a pathogenetic mechanism in man. For instance, in 
the cases following virus pneumonia it is characteristic that the 
anemia develops during convalescence when cold agglutinins, 
which may perhaps be looked upon as a manifestation of immune 
response to the infection, appear, nof during the height of the 
infection when the concentration of virus in the body might be 
expected to be maximal. A possible variation of the direct-action 
hypothesis is one in which the virus (or viral or bacterial product) 
is adsorbed to the erythrocytes with the result that the cell surface 
may become later the site of interaction between virus, acting as 
antigen, and a corresponding antibody. This mechanism appeared 
to be at least part explanation for the hemolysis observed in 
dogs when transfused with influenza-virus-modified erythrocytes 
(Stewart, Petenyi and Rose, 1955). Ceppellini and Gregorio (1953), 
too, have carried out some interesting experiments with bacterial 
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antigens. In rabbits immunized against the Vi antigen of Salm. 
ballerup, they found that autologous erythrocytes exposed in vitro 
to the Vi antigen were rapidly lysed when reinjected into the 
immunized animal. They failed, however, to demonstrate this by 
injecting Vi antigen, even in large amounts, directly into the 
animal. Presumably, under these circumstances, the antigen 
combined with free antibody in the rabbit serum and was unable 
to attach itself to the erythrocytes. 

Evidence that an analogous type of mechanism can occasionally 
operate in man is to be found in the rare examples of polyagglutin- 
ability of human erythrocytes which has been observed accom- 
panying infections (see Chorpenning and Hayes, 1959; Dausset, 
Moulec and Bernard, 1959). The antigen involved has been named 
the T antigen; this is ““unmasked”’ by the action of bacterial 
enzymes and the cells are then agglutinated by the normally 
occurring anti-T antibody of adult serum—the Hiibener-Thomsen- 
Friedenreich phenomenon. While it does not seem to have been 
conclusively proved that polyagglutinability of human erythrocytes 
occurring 7 vivo is associated with hemolysis, experimentally, T 
transformation of guinea-pig erythrocytes in vivo as the result of 
intravenous injection of concentrated enzyme derived from Sér. 
pneumoniae, type 19, has been shown to be associated with a 
hemolytic anzemia (EKjby-Poulsen, 1954). Enzymes such as the 
receptor-destroying enzyme (RDE) and trypsin and papain have 
similarly been shown to impair the survival of erythrocytes in 
experimental animals (Brading, George and Walsh, 1959). 


The case described by Moreau and co-workers (1957) and Dausset, 
Moullec and Bernard (1959), where ‘“‘polyagglutinability”? of the 
erythrocytes was associated with a chronic hemolytic anemia, appears 
to belong to a different category. While the onset of the patient’s 
anzmia was preceded by an acute infection of undetermined nature 
lasting 10 days, the polyagglutinability persisted as an apparently 
permanent phenomenon over a period of 9 years. In all the previously 
described cases the polyagglutinability was transient. The present 
patient’s erythrocytes were thought to be characterized by a “new” 
antigen, Tn, the antibody for which, anti-Tn, could be demonstrated in 
all of 490 normal sera tested. Anti-Tn appeared to be distinct from 
anti-T. 


The sequence of events in man where antiviral antibodies have 
been demonstrated is not, however, in favour of virus-antibody 
interaction at the erythrocyte surface. For instance, in the child 
carefully studied by Betke and co-workers (1953), where hemolysis 
appeared to be associated with, or at least coincidental with, 
Coxsackie virus-A infection, the antiglobulin test, which was 
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positive at the height of the child’s illness, could not be explained 
by the binding on by virus of antiviral antibodies to the erythro- 
cyte surface as the antibodies did not appear in the child’s serum 
until convalescence when the hemolytic episode had subsided. 

Modification of Erythrocyte Antigenicity. The second hypothesis 
that the virus or bacterial product or enzyme might be adsorbed 
to erythrocytes and in some way alter the surface of the cells so 
as to render them antigenic deserves serious consideration and 
many attempts have been made to prove the point in experimental 
animals (see later). Again, however, there seems to be as yet no 
unequivocal evidence in favour of this type of hypothesis in 
relation to hemolytic anzemia in man. 


Although the idea has found favour with some virologists (e.g., Vivell 
1954), some arguments can be advanced against it. For instance, if the 
antibodies are formed as the result of an antigenic alteration in the 
patient’s own erythrocytes, it is difficult to see why normal erythrocytes 
should be acted upon so readily in vitro, and why normal erythrocytes 
should be destroyed so rapidly in vivo when transfused to patients. It 
is also hard to understand why in some cases antibodies such as anti-e, 
which act on normal surface antigens, should be produced. Again, if it 
is argued that the ‘“‘non-specific”’ type of antibody is developed as the 
result of the exposure of deep antigens, it is difficult to see why normal 
corpuscles should be agglutinated or sensitized by such antibodies. 

It should perhaps be added, however, that Stats and Wasserman 
(1952) considered that the idea that antibodies developed against 
partially damaged corpuscles should have marked effects on normal 
cells was not unreasonable, and in relation to this point it will be re- 
called that Davidsohn and Oyamada (1953) claimed that the antibodies 
certain patients developed were in fact strictly auto-specific. But as 
already mentioned on p. 449, this has not been the present author’s 
experience. 


The third hypothesis mentioned above, namely, that viruses or 
bacteria initiate the formation of erythrocyte auto-antibodies by 
an action on the antibody-forming cells of the body, is considered 
on p. 595. 


Clinical and Experimental Evidence of Altered Erythrocyte 
Antigenicity 


Clinical evidence that human erythrocytes when “‘damaged”’ in 
some way might become antigenic is not particularly convincing. 
Extravasation of blood outside blood vessels—with presumably 
then exposure to unaccustomed enzyme action—has, however, 
been reported as a possible mechanism. Liu and Evans (1952), for 
instance, observed a positive antiglobulin test in a patient following 
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an intraperitoneal hemorrhage and reproduced this with partial 
success experimentally (see later). Dameshek and Schwartz 
(1959a), too, referred to possible examples of the same sequence of 
events described in much earlier publications. Further careful 
observations are required. In any case, the finding of a positive 
antiglobulin test as reported by Liu and Evans (1952) does not 
necessarily indicate that the patient’s erythrocytes were coated 
with auto-antibody. Non-antibody protein adhering to damaged 
cells reabsorbed from the peritoneal cavity is another possible 
explanation. 

Dodd and co-workers (1953), nevertheless, reported observations 
which might be taken as indicating that the erythrocytes from 
patients with acquired hemolytic anemia have abnormal surfaces. 
Rabbits were immunized with normal human erythrocytes or 
trypsinized human erythrocytes, respectively. It was then found 
that both types of rabbit sera, absorbed with normal human 
erythrocytes, still reacted with the trypsinized cells, suggesting 
that as the result of trypsinization some previously hidden antigens 
had been revealed. Especially interesting was the finding that the 
erythrocytes of 15 out of 19 patients with acquired hemolytic 
anemia were also agglutinated by the rabbit sera previously 
absorbed with normal cells. Whether this means that the cells 
which reacted positively had modified surface antigens or whether 
agglutination was merely a sign of damage to the cells’ surfaces 
which might have been caused by adsorption of auto-antibodies is 
not clear; it is interesting to note that positive results were also 
obtained in three out of 13 patients with hereditary spherocytosis. 

Theoretical discussions on the question of modified antigenicity 
of erythrocytes as a factor in auto-antibody formation are to be 
found in many reviews. 


Stats and Wasserman (1952) discussed this concept in the light of the 
evidence available to them at that time, and concluded that the 
hypothesis was unproved. As already mentioned, they considered that 
there was no theoretical reason, in their view, why antibodies developed 
against partially damaged erythrocytes should not cross-react with 
normal cells. Dubert (1957) came to a similar conclusion. He conceived 
that the structure of normal body constituents could be slightly altered 
as the result of infection or metabolic abnormality and become antigenic, 
and that antibodies formed in consequence might react not only against 
the modified constituent but against the constituent itself. It was 
also suggested that under these circumstances the constituent would 
remain antigenic in its normal state and antibody formation would 
persist. Some experimental evidence in support of this hypothesis was 
cited. 

Campbell’s (1957) paper was concerned with the role of antigenic 
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fragments in immune mechanisms. He made the point that autologous 
proteins could become antigenic if they contained faulty or abnormal 
configurations: he also suggested that erythrocytes could become 
antigenic not only by ‘‘faulty’’ protein synthesis but also by adsorption 
to their surfaces of abnormal antigenic fragments, which might be an 
infectious agent or derived from one, or even denatured autologous 
protein. 

Burnet (1959c) considered that the evidence was against the hypo- 
thesis of alteration of antigenicity and emphasized that this concept 
was difficult to reconcile with the fact that the antibodies were known 
to react on occasions with Rh antigens. He concluded, too, that 
modification of antigenicity by virus was most unlikely in human 
disease. 


Milgrom’s Hypothesis of Anti-Antibody 


Milgrom, Dubiski and WodZniczko (1956) observed that human 
sera occasionally had the property of agglutinating erythrocytes 
which had previously adsorbed incomplete anti-D. This was 
interpreted as due to the presence in the sera of a factor (an “‘anti- 
antibody’’) which agglutinated denatured immune globulin. This 
observation has led to a concept of auto-antibody formation in 
which the body forms antibodies against immune globulin de- 
veloped originally against (say) a foreign protein (in the case of 
hemolytic anzemia envisaged as being adsorbed to erythrocytes). 
The essence of the hypothesis (Milgrom and Dubiski, 1957; 
Milgrom, 1959) is that the immune globulin itself gets altered in 
the course of the serological reaction in the sense that it becomes 
denatured ; receptors are thought perhaps to be exposed or produced 
as the result of antigen-antibody interaction, which are capable of 
stimulating further antibody formation. A chain reaction is thus 
postulated. Some experimental evidence in support of this concept 
is given in the papers referred to above. 

This is certainly an attractive hypothesis, and Milgrom and 
Dubiski (1957), in meeting the objection that, if true, the anti- 
bodies against denatured globulin should be frequently found in 
patients subject to microbial infection, conceded that only “‘ good” 
antibody producers would respond—which implies a peculiarity of 
the antibody-forming system. Anti-antibodies have not been found 
in human auto-immune hemolytic anemia, but as Milgrom and 
Dubiski pointed out it is true to say that even if they were they 
might be difficult to demonstrate because of their being con- 
tinuously adsorbed to the erythrocytes. On the whole though, in 
view of the fact that auto-antibodies (not anti-antibodies) can be 
found not infrequently in the serum of severely ill patients, the 
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anti-antibody hypothesis seems unlikely to be a factor in the 
genesis of auto-immune hemolytic anzemia in man. 


Attempts to Produce Auto-Immune Hemolytic Anzmia 
in Experimental Animals 


There is certainly some evidence that manipulation or modifica- 
tion of the erythrocytes of laboratory animals in vitro will, 
exceptionally, produce positive antiglobulin reactions. However, 
overt hemolytic anemia has not been produced, except by Suzuki 
(1960) (see later). 


Wagley and Castle (1949) found that one out of four dogs injected with 
various antigens composed of autologous erythrocytes and streptococcal 
toxin or staphylococcal-culture filtrate, or with Freund’s antigen 
(erythrocytes, lanolin, Myco. tuberculosis and pig serum), respectively, 
developed a transient positive direct antiglobulin reaction. The dog did 
not, however, show any signs of hemolysis. 

Liu and Evans (1952) inoculated 12 rabbits intraperitoneally for 4 
weeks with their own blood.!' Four of the animals developed positive 
direct antiglobulin tests but none became anzmic. Erythrocyte stroma 
exposed to a streptococcal filtrate was injected into another series of 
experimental animals but none of the rabbits showed any signs of 
auto-sensitization. 

Motulsky and Crosby (1954) injected guinea-pigs with erythrocytes 
which had been exposed to Freund’s adjuvant mixture or influenza 
virus. In both series of experimental animals the antiglobulin test 
became positive after six or seven weekly injections. The tests became 
negative when the injections were stopped and positive again in some 
animals when they were recommenced. Hemolytic anemia did not, 
however, develop. Cajano and co-workers (1955) likewise failed to 
produce anemia in guinea-pigs injected with autologous erythrocytes 
plus Freund’s adjuvant. Stadsbaeder (1956) also employed guinea-pigs 
and injected them with erythrocytes treated with Freund’s adjuvant, 
with or without the addition of pyramidon, formalin or a sulphonamide. 
The animals received the mixtures at 3-week intervals over a period of 
several months. The results were generally negative; only two animals 
became severely anzemic and gave positive antiglobulin tests, and these 
animals had pneumococcal infections. 

Suzuki (1960) gave rabbits a long series of injections of egg albumin. 
Splenomegaly and portal hypertension resulted. Severe anzemia de- 
veloped in animals which had received more than 30 injections, with 
increase in osmotic fragility and positive antiglobulin tests. Antibodies 
to albumin were accompanied by ‘‘auto-antibodies’’ to phospholipid 
fractions of liver, spleen, erythrocytes and cardiolipin. The sequence of 
events in these interesting experiments is not clear. 


1 The intraperitoneal injection of an animal’s blood is a well tried experi- 
mental technique. Liidke (1918) claimed to have demonstrated the temporary 
appearance of isolysins and autolysins in two dogs injected intraperitoneally 
with their own laked blood, while the present author observed marked 
spherocytosis in one out of six rabbits treated in the same way (unpublished 
observations). 
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AUTO-IMMUNE HAEMOLYTIC ANAMIA AS THE 
RESULT OF DISTURBED IMMUNITY MECHANISMS 


The concept that the fundamental fault in auto-immune 
hemolytic anemia resides, in most instances at least, in the 
antibody-forming tissues or mechanism rather than in an abnor- 
mality of the patient’s erythrocytes is receiving more and more 
support at the present time. It is true that most of the evidence in 
favour of the possibility is indirect, but as knowledge of normal 
immunity mechanisms increases, so does a derangement of 
immunity mechanisms in auto-immune hemolytic anzemia seem 
the more likely. The lack of firm evidence for the main alternative 
hypothesis has already been discussed. 

The concept of a deranged immunity mechanism implies, in the 
case of erythrocytes, a loss by the antibody-forming cells of the 
normal foetally-acquired tolerance to normal erythrocyte antigens 
and the development of antibodies against them. Some of the 
evidence which has a bearing on the hypothesis is summarized 
below. 

Unusual Propensity to Form Antibodies. It has long been 
known that certain people form iso-antibodies with extraordinary 
ease following transfusions (Callender and Race, 1946; Malone and 
Cowan, 1950; Collins et al., 1950; Waller and Race, 1951; Cleghorn, 
1959). Some of these patients have had disseminated lupus 
erythematosus, others acquired hemolytic anemia; they certainly 
appear to have a “‘highly reactive’’ antibody-forming system, and 
other things being equal they would appear to be more likely to 
form auto-antibodies than patients who fail to form iso-antibodies 
readily after transfusion. Similarly, it seems that cold-agglutinin 
formation fairly frequently follows some types of virus pneumonia 
(see p. 526): in most patients this is to a modest extent and harm- 
less, but occasionally massive amounts of antibody are formed and 
in these patients hemolytic anemia develops. The principle that 
the patient who develops an auto-immune hzemolytic anzemia is an 
unusually good antibody producer may thus hold whether the 
stimulus for the formation of the antibody is exogenous as in virus 
pneumonia or more subtle as in “idiopathic”? acquired hemolytic 
aneemla. 

It has been suggested that iso-immunization might in some way after 
repeated transfusions lead to auto-immunization and perpetuation of 
hemolysis (Dameshek and Levine, 1948) but this hypothesis has never 
been proved. Hennemann’s (1955) report of a rise in titre of an iso- 


antibody (anti-C+D) from 1,000 to 65,000 concurrently with the 
formation of auto-antibodies and the onset of severe hemolytic anzemia 


594 ZAXTIOLOGY AND PATHOGENESIS 


seems to be another example of an unusual propensity to form antibodies. 
Gear (1955), in a general discussion on the auto-immune disorders, 
postulated a state of hyperreactibility to infection or intoxication as an 
important etiological factor. Kissmeyer-Nielsen (1957), too, came to 
much the same conclusion, namely, that the primary cause of the 
hemolysis is hyperfunction of the reticulo-endothelial system, with auto- 
‘immunization occurring as a secondary event in subjects with an 
increased propensity for developing antibodies. 

Rantz (1953) made an observation which also seems to suggest that 
certain people possess an unusual immunological hyperactivity. He 
found that normal sera contain a factor which, in association with 
complement, lyses human erythrocytes treated with various bacterial 
products. In patients suffering from collagen disease or from acquired 
hemolytic anzmia this serum factor was present in unusually high 
concentrations. 


Formation of Auto-Antibodies in Health. ° Auto-anti- 
bodies”’ are constantly being formed normally. Most normal sera 
contain auto-agglutinins or “incomplete’’ antibodies active at 
0-—5° C. against the subject’s own erythrocytes. These are normally 
harmless. It is the formation of similar (cold) antibodies in large 
amounts and of high thermal amplitude which leads to hemolytic 
anemia. This can be conceived as being the result of an 
exaggerated response to a normal stimulus. In addition, warm 
“incomplete” “auto-antibodies”’ are demonstrable in normal sera 
by special techniques (Jankovic, 1954; Delage, 1958). Their 
significance is, however, unknown. 

Association of Auto-Antibody Formation and Malignant 
Disease. Auto-immune hemolytic anemia is well known to be of 
fairly frequent occurrence in malignant disease of the lympho- 
reticular system (see Chapter 13), that is to say in tumours 
composed of cells which normally manufacture antibodies or of 
cells closely allied to them. In some instances it has been actually 
possible to extract cold agglutinins in high titre from the malignant 
cells (Aubert and Brendemoen, 1949; Wiener, Gordon and Gallop, 
1953). It should be added that Fudenberg, Barry and Dameshek 
(1958), who immunized rabbits with auto-antibodies eluted from 
erythrocytes, found evidence of cross-reactivity between the 
antisera formed against idiopathic and secondary a cases, 
respectively. 

The recent paper of Schubothe, Baumgartner and Yoshimura 
(1961), who found evidence of an increase in the lymphocyte content 
of the marrows of six out of 12 patients suffering from the cold- 
haemagglutinin syndrome, suggests that long-term studies willshow 
that the percentage of cases associated with malignant proliferation 
of lympho-reticular cells is higher than is generally recognized. 
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The Somatic-Mutation Hypothesis 


The evidence listed above all points to an unusual propensity to 
develop antibodies. This by itself, however, would not necessarily 
permit the development of antibodies by a patient against his own 
normal erythrocyte antigens. Mackay, Larkin and Burnet (1957) 
and Burnet (1959a, b) have advanced cogent arguments in favour 
of this being brought about by somatic mutation leading to the 
formation of ‘forbidden clones’? of antibody-forming cells. 
Burnet’s (1959c) clonal selection theory implies that somatic 
mutation gives rise to “‘new patterns which are ‘accidentally’ 
appropriate to react with red cell determinants present in the 
body.” Burnet, too, considers it possible that somatic mutation 
may be induced by virus infection. Invasion of lymph nodes and 
other sites of antibody formation by virus is conceived as being 
capable of modifying the behaviour of globulin-producing cells, 
possibly (a) by increasing the rate of mutation to forbidden 
patterns and/or (b) by a functional modification of infected cells 
which renders them insusceptible to normal control mechanisms, 
including the homeostatic mechanism for the elimination of 
forbidden clones. 

The somatic-mutation hypothesis, as put forward by Burnet in 
relation to auto-immune hemolytic anzmia is attractive; it 
certainly provides a reasonable mechanism which could explain its 
development as a consequence of infection or malignant change of 
the lympho-reticular cells, or, as the result of somatic mutation 
occurring “spontaneously,” the development of cases of “idiopathic 
origin.”’ A similar concept has been advanced by Dameshek and 
Schwartz (1959a, b). Loss of the ability, through one or more 
somatic mutation affecting the antibody-forming cells, to recog- 
nize some of his own erythrocyte antigens as “‘self’’, plus an unusual 
propensity to form antibodies, together might well be expected to 
lead the patient into serious trouble. 


Specificity of Auto-Antibodies in Relation to Aetiology 


One of the as yet unexplained mysteries of auto-immune 
hemolytic anemia is the curious specificity, or more often lack of 
specificity, of the antibodies formed by the patient. The predilec- 
tion for Rh antigens, where specificity can be demonstrated, and 
the absence of auto-antibody formation directed against the A and 
B iso-antigens, led the present author (Dacie, 1958b) to suggest 
that auto-antibodies to Rh antigens might develop in post-natal 
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life in consequence of a failure (complete or partial) to acquire the 
normal tolerance to these antigens in utero. It was considered that 
such an occurrence would be most unlikely to occur with the 
soluble A, B, H and Lewis antigens but could perhaps happen in 
the case of the Rh antigens because of their insolubility. It was 
thought that this type of mechanism might be the explanation 
for the instances of auto-immune hemolytic anzemia developing 
in infants of a few months of age onwards, at a time when their 
maturing antibody-forming system would be expected to react 
against the antigens to which tolerance had not been achieved in 
utero. This hypothesis remains unproved. The concentration and 
effectiveness of the antigen is important to Burnet’s hypothesis, 
for he has emphasized that for the production of forbidden clones 
an essential requirement is an accessible source of antigen in 
amounts adequate to act as a stimulant but not in high enough 
concentration to inhibit. This requirement provides perhaps the 
answer to the question as to why auto-antibodies against anti-A 
and -B are very rare, if they ever occur at all, while auto-antibodies 
against Rh antigens are relatively common. 


The possible identity, in some cases at least, of the apparently 
‘‘non-specific”’ auto-antibodies with imperfect Rh antibodies has already 
been discussed (p. 449). Their various imperfections, e.g., lack of 
specificity, reaction only with enzyme-treated cells, are perhaps, too, in 
favour of their being formed by abnormal antibody-forming cells. It 
should be added that in Heni and Blessing’s (1954) view specificity 
depends upon the “‘strength”’ of the antigens to which antibodies are 
formed; thus they suggest that those formed against strong antigens are 
but slightly specific (panagglutinins), while those formed against weaker 
antigens are more specific and those formed against the weakest antigens 
react only with the patient’s own erythrocytes. It is also interesting to 
recall the individual nature of a patient’s auto-antibody, as revealed by 
serological (Dacie and de Gruchy, 1951) or immunological techniques 
(Mehrotra, 1960). These patient-to-patient differences are in accord with 
the hypothesis that the antibodies are derived from mutated antibody- 
forming cells. 


Swisher (1959) put forward some interesting ideas, which com- 
bine elements from both major hypotheses. In his view two events 
may be necessary to initiate auto-immunization: (1) a permanent 
or temporary alteration in erythrocyte antigens, and (2) the 
occurrence of this alteration at a time when the body is capable of 
recognizing the antigenic stimulus and is capable of responding to 
it. His concept of erythrocyte antigenicity is relevant to the 
discussion of the previous two paragraphs. He suggested that 
there might normally be antigens which are so structurally located 
that they are normally functionally inaccessible, and that antigens 
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of this type, even with blood-group specificity, might develop late 
enough in feetal life for them to be regarded immunologically as 
‘‘not-self.”’> Swisher went on to suggest that the post-natal 
unmasking of antigens of this type might be the first step in 
auto-immunization. 


Evidence from the Clinical Course of Auto-Immune 
Hemolytic Anemia 


The somatic-mutation hypothesis receives some, but not 
unequivocal, support from certain clinical features of auto- 
immune hemolytic anemia. The occurrence of the “idiopathic” 
cold-antibody type of acquired hemolytic anemia (the cold- 
hemagglutinin disease) as a very chronic disease predominantly 
affecting elderly subjects (Fig. 132, p. 369)—in an age range similar 
to that for neoplasms in general—is certainly consistent with 
‘‘spontaneous”’ somatic mutation as the fundamental mechanism. 
The warm-antibody type of disease attacks, however, all age 
groups (Fig. 119, p. 349), which suggests a different etiology or 
several etiologies. The latter is perhaps the more likely. If, 
however, mutation leading to the development of forbidden clones 
of antibody-forming cells can be produced by infection, as Burnet 
(1959c) has postulated, then the wide age spread is not surprising. 
Drugs, too, may conceivably act on antibody-forming cells in the 
same way as infective agents and this factor, too, would operate 
at all ages. 

The course of auto-immune hemolytic anzemia is of interest also 
in relation to possible ztiologies. The pattern is variable (p. 350). 
The short-lived attack with the auto-antibodies soon disappearing 
seems most likely to be due to infection (or drug), even if this is 
subclinical and the disease appears to be of “‘idiopathic”’ origin. 
At the other end of the scale, in the patients suffering from the 
cold-hemagglutinin disease the disease is so chronic and the 
antibody formation so sustained that it is more difficult to conceive 
this as a consequence (2.e., an immune response) of infection. The 
course of the disease seems to fit better with a permanent mutation 
of antibody-forming cells. The intermediate group of cases with 
prolonged course, sometimes but not always leading to recovery, 
seems to be better explained by the concept of an original, possibly 
short-lived, stimulus of some sort giving rise to antibody formation 
followed by a subsequent slow or very slow disappearance of 
antibody, like the normal immune response to many viral and 
bacterial infections. 
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Evidence from Studies in Grafted Animals 


The many experiments that have been undertaken in the field 
of transplantation immunity have led to the recognition of “‘Runt”’ 
disease. Haemolytic anemia is one feature of the syndrome, and 
many interesting parallels can be drawn between it and the 
spontaneously occurring human disease. 

It has been believed for many years that if animals were joined 
in parabiosis iso-antibodies against one or other of the partner’s 
erythrocytes were demonstrable in ‘“parabiosis poisoning”’ 
(Mayeda, 1921), and Chute and Sommers (1952) have recently 
described in detail the hematological and serological features of 
parabiosis hemolytic disease in rats. 

The possibility that grafts of living cells rather than the whole 
animal might likewise react against the host has only been recently 
recognized. Simonsen (1953), in carrying out transplantation 
experiments in dogs, observed a positive antiglobulin reaction in 
one dog after transplantation of the spleen of another dog. In 
discussing the cause of this he concluded that the occurrence was 
‘consistent with the theory of antibody formation in the trans- 
plant against the recipient’s individual specific antigens.”” At about 
the same time Ahrengot (1953), who studied the serum of a patient 
suffering from hemolytic anemia associated with an abdominal 
cyst, postulated as an explanation of the hemolysis a difference in 
gene content (a gene deficit) in the antibody-producing tissue 
compared with the rest of the body. He made the point that if the 
excised tumour was a teratoma, 1t was reasonable to assume that 
it might have a haploid chromosome content and be able to 
produce antibody against the host, but that even if it was not a 
teratoma the gene-deficit theory could still be an acceptable 
explanation for the antibody formation. Muirhead and Groves 
(1955), too, observed unexplained positive antiglobulin reactions 
in dogs in which kidney grafts had been carried out. The tests 
became positive usually within 5-10 days of the graft at a 
time when deterioration and resorption of the transplant were 
beginning to take place. A graft-versus-host reaction is a possible 
explanation. 

Simonsen (1957) later showed that adult chicken spleen cells 
injected into chick embryos generally led to the death of the 
recipient by producing hemolytic disease in the newborn chick 
during the first or second week of life. In mice, too, he was able 
to show that splenomegaly in the newborn resulted only if the 
adult spleen cells injected into the mouse foetuses were genetically 
different from the recipients. These experiments clearly demon- 
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strated that adult antibody-forming cells introduced into embryos 
or foetuses, and tolerated by them by virtue of their immature 
antibody-forming tissues, might nevertheless react against the host 
and cause hemolytic anemia amongst other complications. 

Kaplan and Smithers (1959) drew the analogy between homo- 
logous (Runt) disease in animals and malignant lymphomas in 
man. They pointed out that the consequences of malignant 
lymphomas were similar to those of homologous disease in animals 
and suggested that the lymphoma cells might be immunologically 
distinct from the cells of the host, perhaps by “‘antigenic deletion,” 
but could still retain the capacity to make antibodies, and that the 
anzemia of chronic lymphomas could be the result of immuno- 
logical reactions of the lymphoid cells against the normal 
hemopoietic cells of the host. 


Porter (1960a, b) has described detailed studies of secondary 
(homologous) disease in rabbits injected with homologous spleen cells 
after X-irradiation, and in foetal rabbits injected with spleen cells. He 
was able to show, by *!Cr studies, that the host’s erythrocytes were acted 
upon by antibodies and had a diminished life-span whilst erythrocytes 
derived from the donors of the spleens survived normally. The anti- 
globulin test became positive in the experimental animals and eluted 
antibodies were shown to be specific for the host’s blood group. Similar 
observations were made in animals, grafted in foetal life, who developed 
Runt disease. In both series the abnormal antibody was incomplete in 
type. 

The results of similar studies were briefly reported by Piomelli and 
Brooke (1960), using rabbits which were irradiated and then transfused 
with bone marrow. Some animals survived and in these the antiglobulin 
test became negative—presumably the grafted tissue had died out or 
possibly had become tolerant of the host. 

Oliner, Schwartz and Dameshek (1961) have more recently published 
detailed studies of the clinical and laboratory features of Runt disease 
in the mouse. Hybrid mice, 6—14 weeks old, were injected with parental 
mouse spleen-cell emulsion. Hzemolytic anemia, mild to moderate in 
degree, resulted in many of the animals. The antiglobulin test was 
often positive and eluted antibodies were shown to react with the 
erythrocytes of the contralateral parent but not with the cells of 
the donor of the spleen emulsion. It was particularly interesting that 
some animals recovered and their ansemia disappeared although the 
antiglobulin test remained positive, raising the possibility of at least 
partial tolerance of the host on the part of the grafted cells. Three such 
animals relapsed after 6 months. 

Somewhat similar studies have been carried out by Harriss and her 
co-workers (1961), but with the difference that irradiated F, hybrid 
mice were used and injected with parental lymphoid tissue. Wasting 
disease and anemia followed, but °4Cr studies demonstrated relatively 
rapid loss of both hybrid and parental (donor) cells—which was un- 
expected if the anemia was hemolytic in type and due to hemolysis 
of hybrid (recipient) cells as the result of graft-v-host reaction. Other 
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possibilities such as “‘non-specificity’’ of the antibody or serious loss of 
erythrocytes from hzemorrhage were considered. 


Oliner, Schwartz and Dameshek (1961) discussed the similarities 
between the hemolytic aneemia experimentally produced in grafted 
animals and the spontaneously occurring disease in man. They 
quoted Billingham’s (1959) suggestion that in man lymphoid cells 
of the mother might be implanted in utero into the foetus and later 
(t.e., after birth) might give rise to trouble by reacting against the 
host, and also reiterated the possible importance of somatic muta- 
tion (of spontaneous origin or due to the effects of virus, chemicals 
or radiation) as a mechanism leading to gene deletion and to the 
formation of a strain of cell, tolerated by the individual, yet 
capable of forming antibodies against normal autologous tissue, 
including erythrocytic antigens. 

Fudenberg and Solomon (1961), in reporting two cases of 
“acquired hypogammaglobulinemia”’ associated with auto-immune 
hemolytic disease, discussed various possible etiological mecha- 
nisms and similarly put forward the possibility of a graft-v-host 
reaction as the basis of the syndrome. 


Role of Heterogenetic Stimuli: Cross-Reacting Antibodies 


The possibility that human anti-erythrocytic antibodies might 
arise as the result of the ingestion, injection or inhalation of 
heterogenetic material capable of stimulating the formation of 
antibodies which cross-reacted with human erythrocyte antigens 
has often been considered. This type of mechanism is widely held 
to be responsible for the development of the iso-antibodies anti-A 
or anti-B in post-natal life as well as of the normal cold auto- 
agglutinins (see Wiener, 1951). The hemolytic anzemias occurring 
in association with virus pneumonia or infectious mononucleosis 
are at first sight obvious examples where this mechanism might be 
important. However, there is no positive evidence as yet that this 
is so even in these obviously secondary hemolytic anzmias or in 
fact in any other of the many other varieties of auto-immune 
hemolytic anemia. 

Cross-reaction against antigens shared by malignant cells and 
normal erythrocytes has also been postulated as a_ possible 
mechanism for the auto-immune hemolytic anzemias associated 
with malignant disease (Stefanini, Magalini and Patterson, 1956; 
Kissmeyer-Nielsen, Bichel and Bjerre-Hansen, 1956), but there 
seems, too, to be no positive evidence in favour of this hypothesis 
either. 
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Possible Genetical Factors 

There is little positive evidence for genetical influences in the 
development of auto-immune hemolytic anzmia, but the possi- 
bility cannot be dismissed. There is, for example, at least one 
instance of the development of auto-immune hemolytic anzemia in 
a mother and her daughter, and in two other relations in this 
family there was pronounced thrombocytopenia (Kissmeyer- 
Nielsen, Bent-Hansen and Kieler, 1952). It is possible therefore 
that in this family the tendency to form auto-antibodies was 
inherited. More recently Wasastjerna (1959) reported the occur- 
rence of auto-immune hemolytic anemia plus Hashimoto’s 
thyroiditis in the same patient. In the present author’s experience 
one patient (Case 9 of Dacie, 1954) had an identical twin who has 
not developed any signs of haemolytic anaemia, and one other 
patient (Case 12 of Dacie, 1954), who died of fulminating hemolytic 
anemia after having previously had splenectomy for “idiopathic ”’ 
thrombocytopenic purpura, had a brother, said to have rheumatoid 
arthritis, who developed splenomegaly and a profound granulo- 
cytopenia. This is the only patient of the author’s series known to 
have had a relative who might have suffered from a blood disease 
in which auto-immunization could have played a part. The 
possibility of an excess of blood-group O in patients with acquired 
hemolytic anzemia was raised by the report of Hunt and Lucia 
(1953), but this has not been confirmed by later work (see p. 348). 

The relationship between the “‘collagen diseases’’, in particular 
rheumatoid arthritis and disseminated lupus erythematosus (DLE), 
and auto-immune hemolytic anzemia is discussed below. 

Auto-Immune Hemolytic Anemia and the ‘Collagen 
Diseases.” The occurrence of hemolytic anemia, with a positive 
antiglobulin reaction, in disseminated lupus erythematosus has 
been recognized for at least 10 years (Michael et al., 1951; Pisciotta 
et al., 1951; Zoutendyk and Gear, 1951) (see also Chapter 13), and 
the same association has been found in periarteritis nodosa 
(Dameshek and Rosenthal, 1951). A history of ‘‘rheumatoid 
arthritis”’ antedating or postdating the onset of auto-immune 
hemolytic anemia is also occasionally ascertainable. However, 
most of these patients eventually turn out to have disseminated 
lupus erythematosus and in only three other patients of the author’s 
series were signs and symptoms of rheumatoid arthritis found. One 
patient had developed warm auto-antibodies—she had also 
received Myocrisin for her arthritis, and two other patients 
suffered from the cold-hemagglutinin syndrome. It is difficult to 
decide whether such cases should be classified as ‘“‘idiopathic”’ or 
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secondary and the arthritis considered as coincidental or related 
in any way to etiology. Nevertheless, these associations seem 
reasonable and to be expected if disturbed immunity mechanisms 
are the basis of development of the whole group of disorders. A 
detailed clinical, hematological and serological survey of relatives 
of patients with auto-immune hemolytic anzmia would be a 
worth-while project. 

Ulcerative colitis is also a disease with which a positive anti- 
globulin reaction, with or without hemolytic anemia, may be 
associated (Lorber, Schwartz and Wasserman, 1955) (Chapter 13). 
Whether the presence of diseased bowel is in some way responsible 
for the hemolysis or whether both are manifestations of an under- 
lying diathesis remains to be determined. 


Genetical Factors and Auto-Immune Hemolytic Anemia in Animals 


In animals, as opposed to man, the potential importance of genetical 
factors has been clearly demonstrated. In 1959, Bielchowsky, Helyer 
and Howie (1959) reported that they had observed the very frequent 
occurrence of apparent auto-immune hemolytic anemia in an inbred 
strain of mice, so much so that by 9 months of age almost every mouse 
gave a positive direct antiglobulin test. Recently, Holmes, Gorrie and 
Burnet (1961) have published preliminary results of transmission experi- 
ments carried out on mice of this (NZB/BC) strain. They were able to 
show that, whereas the direct antiglobulin test did not usually become 
positive until the mice were 10 weeks of age, positive tests could be 
regularly obtained much earlier innewborn or young mice inoculated with 
spleen-cell emulsion derived from antiglobulin-positive isologous donors. 
These positive transmission experiments were considered to support the 
hypothesis that the production of auto-antibody was the result of the 
emergence of clones of antibody-forming cells intrinsically resistant to 
control by immunological homeostasis. It is interesting to note that some 
of the ‘“‘takes’’ were only temporary; this could, however, have been the 
consequence of the strain not being completely isogenic. 


Summary: A Personal View on Atiology 


The various arguments and hypotheses in relation to the 
etiology of auto-immune hemolytic anzmia, which have been 
discussed in the preceding pages, are difficult to summarize, and at 
the present time it seems impossible to derive any firm conclusions 
from the clinical and experimental data available up to now. The 
author’s present viewpoint, and some arguments for and against 
current hypotheses are, at the risk of some repetition, set out 
below. 

The auto-immune hemolytic anzemias are a group of disorders 
and as such are unlikely to have a single or simple etiology. 
Probably a complicated train of events is necessary for the 
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disease to occur. One such necessary circumstance is perhaps a 
proneness to develop antibodies—which could be genetically 
determined—but it is not thought likely that this by itself could 
lead to auto-antibody formation. 

The experimental studies which have already been referred to, 
and the stimulating and exciting arguments of Burnet (1959a, 
b, c), and others, as well as some of the clinical phenomena of the 
disease in man, are certainly in favour of the hypothesis that the 
abnormal antibodies of auto-immune hemolytic anemia are 
developed as a rule as the result of aberrations in the antibody- 
forming tissues rather than as the consequence of an alteration in 
erythrocyte antigenicity. Somatic mutation, leading to the 
development of forbidden clones of antibody-forming cells, is a 
possible, perhaps the most probable, mechanism by which this 
could be brought about. 

Several facts, however, can be advanced which at first sight 
appear to be against the somatic-mutation hypothesis being 
accepted as an entirely satisfactory explanation. One such fact is 
the age incidence of the disease (Figs. 119 and 132). While the 
occurrence of the cold-hemagelutinin disease in an elderly age 
group, and the chronicity of the disease and the steady production 
of huge amounts of antibody, are consistent with, and perhaps 
even strongly in favour of the concept, the age incidence and the 
natural history of the disease when warm antibodies are formed fit 
in far less well. 

Even in the cold-hemagglutinin disease there are facts which 
seem to require special explanation. First, the antibody formed is 
the same or at least very similar to the “non-specific”’ ‘cold auto- 
agglutinin (anti-I) which is present in small amounts in most, if 
not in all, normal sera. It may therefore be not so much a question 
of a clone of cells appearing and then reacting against normal 
erythrocytes as the abnormal predominance of an antibody activity 
already in action. The explanation could le in the breakdown of a 
homeostatic restraining mechanism the nature of which is unknown 
but whose existence can hardly be doubted. 

The warm-antibody cases present a still more complex problem. 
First of all, they are far less homogeneous; all ages are affected, 
from infancy to old age, and unless it is postulated that forbidden 
clones of antibody-forming cells can occur not only “spon- 
taneously”’ but also as the result of various external stimuli, such 
as virus or drug exposure or as a consequence of the body’s general 
response to infection, the somatic-mutation hypothesis cannot be 
considered as a wholly satisfactory explanation. Moreover, even if 
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the age distribution difficulty can be overcome in the manner 
indicated above, the natural history of the warm-antibody type of 
the disease is not, at least at first sight, consistent with the 
hypothesis. The difficulty is that the duration of the disease varies 
so widely. While in some cases auto-antibody formation may 
continue over a period of years unchanged, in other patients this 
is definitely not so, and in children especially perhaps, the whole 
disturbance may be over in a few weeks or months. It is thus 
necessary to postulate that forbidden clones once established can be 
eliminated. Re-establishment of the normal homeostatic mecha- 
nism, whatever this is, may indeed bring this about, but it has to 
be admitted that the natural history of the disease—its variable 
course, with complete cessation of auto-antibody formation occur- 
ring not too infrequently—is more in accord with an immune 
response to a stimulus involving a change in erythrocyte anti- 
genicity, which in itself might be only temporary, than with the 
somatic-mutation hypothesis. But, as has already been discussed, 
there is little or no evidence as to the existence, nature or cause of 
the postulated hypothetical antigenic alteration (which could 
involve the unmasking of antigens to which tolerance in utero had 
not been achieved). In the writer’s view, however, it may be 
premature to discard this type of hypothesis altogether. 

Finally, on a question of semantics, if it becomes possible to 
prove that somatic mutation of antibody-forming cells is the basis 
of many cases of antibody-determined hzemolytic anzemias, then 
the term ‘‘auto”’ becomes a little less well founded, and this 
would obviously be quite inappropriate if Billingham’s (1959) 
hypothesis of maternal-to-fcetal transfer of lymphoid cells was ever 
proved to be true. 


PATHOGENESIS OF AUTO-IMMUNE HAMOLYTIC 
ANAMIA 


It can hardly be doubted that the auto-antibodies of acquired 
hemolytic anemia are an important cause of the excessive rate of 
erythrocyte destruction in vivo. Whether they are the sole cause 
is perhaps less clear and this has been the subject of much debate. 
The present author believes they probably are the sole initiating 
cause, in most instances at least, although it is quite clear that the 
actual process of hzemolysis! is brought about by the combined 


1The term ‘“‘haemolysis’’ is used simply to describe an increased rate of 
erythrocyte destruction in vivo. It does not mean that this is necessarily being 
produced by antibody plus complement. 
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activity of auto-antibody and of the other tissues and organs of 
the individual manufacturing the auto-antibody. How exactly 
hemolysis is brought about is the topic for discussion in this 
section of this Chapter. 

In certain instances, such as in paroxysmal cold hemoglobinuria, 
the abnormal antibody can be shown to cause dramatic and clear- 
cut complement lysis in vitro, and it seems reasonable to suppose 
that what happens in vivo is being reproduced by the laboratory 
experiment. However, in most cases of acquired hemolytic 
anzmia it is less easy to visualize what exactly is taking place in 
vivo on the basis of the reaction of the antibodies in vitro; in 
particular, how and why an erythrocyte coated by an incomplete 
antibody, capable neither of bringing about agglutination nor 
complement lysis 2n vitro, is rapidly destroyed in vivo has, in the 
past at least, seemed mysterious. Fortunately, recent research has 
in large measure provided the answer, even if the intimate details 
of hemolysis, at the biochemical level, still remain obscure. Recent 
reviews on the many problems connected with the mechanisms of 
hzmolysis in vivo include the following: Dameshek and Miller 
(1943); Wasastjerna (1951, 1953); Baumgartner (1954); Swisher 
(1954); Ham, Weisman and Hinz (1956); Schubothe (1956); 
Kyquem (1957); Dacie (1958a) and Dameshek and Schwartz 
(1959a). 

In the following pages the pathogenesis of hemolysis in auto- 
immune hemolytic anzemia will be discussed in the following order: 
(1) clinical evidence; (2) antibody reactions in vitro and their bear- 
ing on hemolysis 2n vivo, and (3) experimental studies in animals, 
and in man, and their bearing on the spontaneous disease in man. 


CLINICAL EVIDENCE AS TO PATHOGENESIS 


Intravascular and Extravascular Hemolysis. As already 
discussed (p. 5), the fact that two types of hemolysis could be 
recognized clinically, an intravascular type and an extravascular 
type, was appreciated early in this century. This distinction has 
often been made use of in the classification of the hemolytic 
anezmias, so much so that the “hamoglobinurias’”’? have some- 
times been referred to and discussed as a distinct group of diseases, 
e.g., by Witts (1936). The presence of hemoglobinuria is certainly 
characteristic of some types of hemolytic disease (Stats, Wasser- 
man and Rosenthal, 1948; Ham, 1955), whilst its absence is 
characteristic of others, e.g., hereditary spherocytosis, in which 
hemolysis has been presumed to be of the extravascular type. 
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The careful studies made by Crosby and Dameshek (1951) on 
plasma-hemoglobin levels have in general supported this concept. 
They obtained, for instance, normal values in hereditary sphero- 
cytosis and in Mediterranean anemia and sickle-cell traits, but it is 
interesting to note that in sickle-cell disease and in severe 
Mediterranean anzmia the levels were considerably raised, suggest- 
ing that the presence of intravascular or extravascular hemolysis 
might be the result of quantitative differences in the rate of 
hemolysis and not necessarily a characteristic of any particular 
disease. This was borne out by their observations in acquired 
hemolytic anemia of varying types. Raised plasma-hzemoglobin 
levels were found at one time or another in 15 out of 17 patients, 
with the level being generally higher in patients with active 
heemolysis than in those in clinical remission. Crosby and Dameshek 
also showed that the presence or absence of heemosiderin in urine 
could be directly correlated with the level of the plasma 
hemoglobin. 

The later work, in which serum-haptoglobin levels have been 
estimated, has shown in fact that the serum haptoglobins disappear 
in many (? in all) cases of hemolytic anemia irrespective of type, 
presumably as the result of liberation of haemoglobin into the blood 
stream, if the rate of hemolysis is raised to 2-3 times the normal 
(see Brus and Lewis, 1959, and p. 14). The truth therefore seems 
to be that while more hemoglobin is characteristically liberated 
into the blood stream in some disorders than others—these are the 
*‘hemoglobinurias’’—intravascular hemolysis occurs to some 
extent in most, if not in all, hemolytic disorders. The concept of 
an absolute distinction between the intravascular and extra- 
vascular hemolytic anemias, which implied a major difference in 
hemolytic mechanisms, has therefore to be abandoned. The 
importance of the “severity” of the hemolytic mechanism in 
relation to intravascular hemolysis has also received support from 
many experimental studies recently carried out in man, using 
51Cr-tagged incompatible erythrocytes (see p. 612). 

Role of the Spleen. The variable but often beneficial effect of 
splenectomy in human hemolytic anemia clearly shows that the 
spleen may play an important part in hemolysis. In hereditary 
spherocytosis, for instance, the strikingly beneficial clinical effect 
of splenectomy—as well as other types of evidence—supports the 
concept of the erythrocyte in this disease being peculiarly sensitive 
to hemolysis within the spleen. In the auto-immune hemolytic 
anzemias, however, the clinical evidence as to the role of the spleen 
is much less clear cut: some patients do well but others may seem 
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hardly to be benefited at all. Chertkow and Dacie (1956), in 
reviewing the results of splenectomy in a series of cases of 
‘idiopathic’? and secondary auto-immune hemolytic anemia, 
found it impossible from ordinary clinical and hematological 
evidence to predict what the effect of splenectomy was likely to be 
in an individual patient. All that could be concluded from clinical 
evidence at that time was that in certain patients the spleen was 
an important organ of erythrocytolysis and that in others—often 
the worst affected—its removal had little effect on the hemolytic 
process. The more recent quantitative studies of splenic haemolysis 
in relation to antibody type (see p. 611) have fortunately clarified 
the problem considerably. 


ANTIBODY REACTIONS IN VITRO AND THEIR 
BEARING ON HAMOLYSIS IN VIVO: 
WARM ANTIBODIES 


It will be convenient to discuss hemolysis due to warm anti- 
bodies separately from that brought about by cold antibodies. As 
already described in Chapter 8, in vitro, warm antibodies react most 
frequently as incomplete antibodies; they act much less commonly 
as auto-agglutinins and only rarely as agglutinins and lysins. 


Hzemolysis due to Incomplete Antibodies 


Incomplete antibodies appear to bring about erythrocyte 
destruction by two main mechanisms: (1) by cells heavily coated 
with antibodies undergoing auto-agglutination in human plasma, 
particularly if this contains a high concentration of protein, and 
(2) by cells less heavily coated with antibodies being filtered off 
from the circulation by the spleen. If massive auto-agglutination 
takes place the agglutinates are removed from the blood stream 
by the liver and probably by other organs also. Actual lysis in 
the blood stream is insignificant in amount. The role of erythro- 
phagocytosis is uncertain but it is probably a less important 
mechanism than with potentially lytic antibodies (p. 616). The 
importance and mechanism of development of spherocytosis is 
also still obscure. Some of the evidence on which the above bald 
statements are founded is described below. 


Significance of Autohemagglutination 
The possible importance of autohemagglutination in vivo as a 
hemolytic mechanism in acquired hemolytic anzeemia was empha- 
sized by Ham and Castle (1940a, b), who conceived the idea that 
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agglutination could, by causing erythrostasis, initiate changes 
leading to hemolysis, particularly in the presence of spherocytosis 
and increased osmotic fragility. In a later paper (Castle, Ham and 
Shen, 1950), the thesis of the importance of agglutination as a 
hemolytic mechanism was developed further and tissue injury 
secondary to erythrostasis was invoked as an important mechanism 
in the chain of events leading to hemolysis. Castle, Ham and Shen 
remarked on the discrepancy between the results of tests for 
antibody activity am vitro and the observable effects of the 
antibodies in vivo—as had many previous authors in connection 
with experimental work carried out on animals (see p. 623). They 
suggested that the discrepancy might be resolved if the antibody 
which in vitro appeared to be incapable of bringing about lysis 
initiated the following sequence of events in vivo: 

(1) the antibody causes agglutination; (2) this leads to seques- 
tration of erythrocytes in tissue capillaries and separation of the 
cells from plasma; (3) the consequent erythrostasis results in 
ischzeemic injury of tissue cells and the subsequent liberation 
of injurious substances which increase the osmotic and mecha- 
nical fragilities of the erythrocytes with which they come in 
contact; (4) hemolysis occurs as the result of osmotic lysis and/or 
from the unusual sensitivity of the erythrocytes to mechanical 
trauma if and when they reach the circulation again. Some 
impressive experimental evidence was cited in support of this 
hypothesis. 

Wasastjerna (1951) similarly concluded on the basis of experi- 
mental work in animals that intravasal agelutination was an 
important mechanism by which the destructive effect of an 
immune antibody was potentiated, and this concept was further 
elaborated in relation to human cases of acquired hemolytic 
anemia by Wasastjerna (1953) and Wasastjerna, Dameshek and 
Komninos (1954). It was pointed out, however, that “auto- 
agglutination” in the circulating blood in auto-immune hemolytic 
anemia might not be more conspicuous than in other seriously 
ill patients, not suffering from excessive. hemolysis, where a 
similar degree of clumping might be due to excessive rouleaux 
formation.! 

Auto-Agslutination due to Incomplete Antibodies. Wiener 
(1945) seems to have been the first to demonstrate that erythrocytes 

1This observation has in fact no great bearing on Castle, Ham and Shen’s 
(1950) hypothesis which stressed the importance of agglutination in bringing 
about the arrest of the circulation in organ capillaries and initiating a com- 


plicated series of events, rather than the presence of agglutination in circulating 
blood being of any particular importance in pathogenesis. 
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sensitized by an incomplete type of auto-antibody might undergo 
agglutination in a medium of high protein content. In a paper 
largely devoted to the conglutination test for Rh sensitization he 
mentioned that ‘“‘in a case of acquired hemolytic anemia, by using 
the conglutination technique, I succeeded in demonstrating auto- 
agglutination in vitro at body temperature as well as in the 
refrigerator.” Subsequently, Wagley and co-workers (1948) re- 
ported that the erythrocytes from three patients with acquired 
hemolytic jaundice underwent spontaneous auto-agglutination in 
normal serum but not in saline. More recently, Jandl (1955) and 
Jandl and Castle (1956) have published detailed studies on the 
phenomenon of the agglutination in colloidal media of erythrocytes 
coated with incomplete antibodies. 

As has already been referred to (p. 3855), spontaneous auto- 
agglutination of the blood of patients with acquired hemolytic 
anzemia is in fact commonly found in patients who are suffering 
from a serious degree of hemolysis. Jandl and Castle’s (1956) work 
has gone a long way in providing an explanation for the pheno- 
menon. Working with erythrocytes sensitized in vitro with anti-D, 
as well as with cells sensitized in vivo obtained from cases of 
acquired hemolytic anemia, they found that concentrating whole 
plasma or serum to the extent of 10-20% was sufficient to aggluti- 
nate the antibody-coated cells, as were increases in fibrinogen or 
globulin to levels only slightly in excess of the normal. Fibrinogen 
was most active in this respect and y globulin, other globulins and 
albumin were less active in this order (concentration for concentra- 
tion), the order being that of diminishing molecular weight 
and axial ratio. It is probable that this type of autohemagglutina- 
tion plays a significant part, when marked, in bringing about 
erythrocyte destruction 7m vivo, in consequence of the aggluti- 
nates being filtered off from the circulation in the liver and spleen 
(see p. 611). 

Role of the Spleen in Hemolysis by Incomplete Antibodies. 
Important, studies have been carried out in recent years, with the 
aid of radioactive chromium (*!Cr), which have shown that the 
spleen is of particular importance in disposing of cells coated by 
incomplete antibodies. These studies have been carried out in 
patients with auto-immune hemolytic anzmia and also, to a larger 
extent experimentally, in normal subjects injected with small 
volumes of incompatible erythrocytes (Jandl, 1955; Mollison and 
Cutbush, 1955; Jandl, 1956; Jandl, Richardson Jones and Castle, 
1957; Cutbush and Mollison, 1958; Mollison and Hughes Jones, 
1958; Mollison, 1959b; Jandl and Kaplan, 1960). 
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Both experimental approaches have given comparable results. 
In particular, it has been shown that whereas coarsely agglutinated 
erythrocytes or cells exposed to complement-fixing potentially 
lytic antibodies are removed from the circulation rapidly, pre- 
dominantly by the liver, cells coated by incomplete antibodies are 
removed almost quantitatively by the spleen. 


How and why the spleen is so effective in sequestering cells coated by 
incomplete antibodies is not completely understood. It is possible that 
one reason for the sequestration is a higher concentration of plasma 
protein in spleen blood than in mixed arterial blood. Jandl (1955) 
reported that in dogs there might be as much as a 1:5 times increase in 
concentration, and he suggested, too, that hamoconcentration in the 
spleen pulp might in itself favour sequestration. The spleen also is in all 
probability a source of auto-antibody (see p. 673) and cells circulating 
through it will of necessity be exposed to high concentrations of antibody 
possibly over relatively prolonged periods. In favour of this concept are 
the observations of Wagley and co-workers (1948) who showed in three 
patients with acquired hemolytic jaundice that erythrocytes derived 
from their spleens were more strongly agglutinated in antiglobulin serum 
than were cells obtained from peripheral venous blood, and the finding 
of Wright and his colleagues (1951), who demonstrated higher titres 
of antibody in spleen-pulp blood than in peripheral blood in a series of 
cases of acquired haemolytic anemia. Jandl, Richardson Jones and 
Castle (1957), too, reported that auto-agglutination might be an 
obvious feature of splenic blood although none was visible in peripheral 
blood. 


Another factor which must be of importance is spherocytosis. A 
greater or lesser degree is almost the rule in hemolytic anzmia of 
the warm auto-antibody type and it seems highly likely that the 
spherocytosis predisposes to splenic sequestration. It must be 
admitted, however, that it is difficult to disentangle the parts 
played by antibody-coating and spherocytosis (a secondary effect 
of the antibody coating) in bringing this about. (The significance 
of spherocytosis is considered in more detail on p. 620.) 


Hemolysis due to Agslutinating Antibodies 


As referred to on p. 410, occasionally, auto-antibodies are 
developed which cause strong auto-agglutination of the patient’s 
blood as well as agglutinating normal erythrocytes in saline 
suspension. Such patients are invariably seriously ill, for hamo- 
lysis occurs at a very rapid rate. These clinical observations have 
their parallel in the experimental studies carried out by Jandl and 
Mollison and their colleagues. 

It has been repeatedly shown that agelutinating or agelutinating 
and lytic iso-antibodies bring about more rapid haemolysis than do 
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incomplete antibodies. Moreover, this occurs widely throughout 
the body in organs rich in reticulo-endothelial cells of which the 
liver, by virtue of its size, is the most important. It is thus easy to 
understand why patients forming agglutinating antibodies may be 
so severely affected and also why splenectomy often fails in 
patients seriously ill with auto-immune hemolytic anemia. 


There is an interesting parallel in this experimental work with the 
occurrence of auto-agglutination of erythrocytes heavily coated with 
incomplete antibodies. Jandl and Kaplan (1960) have shown, for 
instance, with an iso-antibody such as anti-D, and also with heterophile 
antibodies injected into rats, that increasing the degree of sensitization, 
or dose of antibody injected, quickens sequestration in the spleen and 
eventually leads to sequestration in the liver as well. Again, in the 
disease in man, it is the patients whose cells are very heavily coated with 
incomplete antibodies, and who are most seriously ill, who show accumu- 
lation of radioactivity in the liver as well as in the spleen, when their 
own erythrocytes are tagged with radiochromium and surface counting 
is carried out (see p. 685). 

Jandl (1960a) and Jandl and Kaplan (1960) in recent papers have 
considered the role of the spleen and liver from the quantitative stand- 
point. They concluded that sequestration depends on, amongst other 
factors, the strength and size of the agglutinates, the “‘pore”’ size of the 
splenic and hepatic filters, and pressure gradients. With relatively large 
agglutinates, the liver is predominantly important and the spleen 
unimportant because of its much smaller blood flow. The smaller and 
weaker agglutinates (and unagglutinated cells sensitized with incomplete 
antibodies) appear to pass through the liver sinuses without harm, only 
to get caught up by the more sensitive filtering mechanism of the spleen. 


Relevance of Experiments with Iso-Antibodies to Hemo- 
lysis in Auto-Immune Hemolytic Anzemia 


Although many analogies and similarities may be drawn between 
the presumed course of events in auto-immune hemolytic anaemia 
in man and the experimental work with iso-antibodies, it must not 
be forgotten that the time scale is vastly different. 


The half-times of disappearance of D-positive or K-positive cells 
injected into subjects with anti-D or anti-K in their circulation was 
shown by Mollison and Cutbush (1955) to be within the range of 20-30 
minutes, and it was suggested that if 3°% of the circulating blood passes 
through the spleen each minute, and if the blood in passage was cleared 
completely of incompatible cells, it would take approximately 25 
minutes to remove half the cells from the circulation. Hughes Jones, 
Mollison and Veall (1957), Cutbush and Mollison (1958), Mollison and 
Hughes Jones (1958) and Mollison (1959b) published more extensive and 
confirmatory data. Hepatic removal by strongly agglutinating anti- 
bodies or complement-fixing antibodies was found to give half-times 
of 2-6 minutes. Weak agglutinating antibodies which did not fix 
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complement were associated with half-times of 20 minutes or more. 
Predominantly splenic destruction brought about by incomplete anti- 
bodies was found to be associated with half-times of 15—22 minutes. 

Similar results have been obtained by Jandl and his colleagues in 
Boston. The half-times of disappearance of D-positive cells injected into 
subjects with anti-D in their circulation was shown by Jandl, Richard- 
son Jones and Castle (1957) to range from 8—24 minutes (mean, 14 
minutes), while cells coated with anti-D in vitro gave a half-time of 
disappearance which averaged 26 minutes. Jandl and Kaplan (1960) 
also concluded that the spleen would remove cells coated with incomplete 
antibodies, when the splenic filter was unsaturated, at the rate of 
8+1% per minute. This rate was thought to approach the maximum 
possible, taking into account the splenic blood flow, and to indicate 
removal of sensitized cells in a single passage through the spleen. 
Erythrocytes coated by agglutinating iso-antibodies were found to be 
removed by the hepatic mechanism in 4 +2 minutes (Jandl, Richardson 
Jones and Castle, 1957; Jandl, 1960a). 


Fortunately, in contrast to the experimental work carried out 
with iso-antibodies, in human acquired hemolytic anzemia half- 
times of erythrocyte survival are measured in days rather than in 
minutes, and the erythrocytes, or most of them, must make many 
passages through the spleen (and liver) before being finally taken 
out of circulation. 

Several possible explanations can be advanced for the different 
time scale in the experimental work with iso-antibodies and the 
naturally-occurring disease. Amongst them are: (1) differences in 
the relative proportion of erythrocyte antigen to available antibody ; 
(2) qualitative differences between the auto-antibodies and _iso- 
antibodies; (3) differences in “‘saturation”’ of the splenic (or hepatic) 
filter; (4) varying sensitivity of erythrocytes to the action of 
antibodies, and (5) the relative insensitivity of reticulocytes. 

1. Most important factors are the volume of antigen, the titre 
of the antibody and the ratio of antigen to antibody. 

In the experiments with iso-antibodies small volumes of incompatible 
cells were usually injected, 1-5 ml. as a rule, and these cells would be 
exposed to a large volume of circulating antibody. Even so, under these 
circumstances, which are so favourable for hemolysis, a definite 
relationship between the titre of antibody and the rate of haemolysis 
can be demonstrated. Mollison and Cutbush (1955) and Mollison (1959b), 
for instance, showed when D-positive cells were injected into recipients 
who had anti-D in their circulation that a titre of 64 or more was 
associated with a half-time of removal of approximately 20 minutes, a 
titre of 16 with a half-time of 60-70 minutes and a titre of 4 with a half- 
time of several days. In human cases of auto-immune hemolytic 
anzmia not only are high titres of free antibody in the serum rarely met 
with but the amount of antigen with which the antibody has to react is 
relatively very great. Very rapid rates of destruction can hardly be 
expected under these circumstances. 
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2. It is possible that auto-antibodies in acquired hemolytic 
anemia are, in some instances at least, less effective in causing 
damage to erythrocytes than are the blood-group (e.g., anti-Rh) 
specific iso-antibodies with which they are often compared. 


As already described, in the majority of instances the auto-antibodies 
lack easily definable specificity and not infrequently they react pre- 
ferentially or occasionally react only with enzyme-treated erythrocytes. 
Data on the relative effectiveness of the ‘non-specific’? auto-antibodies 
and the Rh-specific auto-antibodies are badly wanted, but there is no 
reason to suppose that titre for titre as measured in vitro they are 
necessarily equally harmful in vivo; in any case the ‘‘non-specific”’ 
antibodies are probably antibodies of heterogeneous character. It is 
certainly true in cases of auto-immune hemolytic anemia that the 
patient may be in clinical remission and yet his erythrocytes still give a 
clearly positive and often quite strong antiglobulin test. However, it is 
also true that cells, or a high proportion of them, sensitized with low 
concentrations of anti-Rh may similarly survive normally (Mollison and _ 
Paterson, 1949; Mollison, 1959b), so this type of evidence is incon- 
clusive in respect of the relative potency in vivo of the two types of 
antibody. 

Culp and Chaplin (1960) have more recently reported on some interest- 
ing experiments. They prepared an eluate from the erythrocytes of a 
patient with auto-immune hemolytic anemia and succeeded in sensitiz- 
ing normal cells with the eluate so that they gave a “4+ ” antiglobulin 
reaction. These cells were then reinjected into the patient; there was no 
immediate splenic sequestration and they were only slowly eliminated. 
The Ty Cr was 7 days. When, however, normal cells were sensitized 
with anti-D to a degree judged by the antiglobulin test to be comparable 
with that of the cells sensitized by the auto-antibody, and then injected 
into a normal recipient, there was splenic uptake of radioactivity; the 
T3 Cr was 1:3 hours, and all the cells had disappeared in 24 hours. 
Culp and Chaplin concluded: ‘that in vitro behavior in the antiglobulin 
test gives limited insight into the physiologic alterations brought about 
on the red cell surface by different antibodies.” They do not mention 
whether they were able to demonstrate that the auto-antibody had any 
specificity ; presumably it had not. 


3. It seems probable that one factor which retards the rate of 
hemolysis in the spleen is the degree to which the organ is 
saturated or choked with erythrocytes. The histological evidence 
is that although congestion with blood is a variable feature, 
occasionally this may be very great indeed. 


That this is relevant was demonstrated by Jandl, Richardson Jones 
and Castle (1957), who compared the survival of ®'Cr-labelled erythro- 
cytes, derived from a patient with acquired hemolytic anzmia, in the 
patient himself, in a normal subject and in a patient with hyperglobulin- 
zmia due to myeloma. Destruction was most rapid in the patient with 
myeloma and far slower in the patient with acquired hemolytic anemia. 
Jandl and his co-workers pointed out that in the normal subject and, 
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to a greater extent, in the patient with myeloma the initial splenic 
sequestration resembled the pattern seen in normal subjects injected 
with erythrocytes previously sensitized with anti-D. They concluded 
that the relatively slow rate of sequestration of the labelled cells in the 
patient himself probably reflected ‘‘the competition of the patient’s 
unlabelled cells for the splenic sequestering site.”’ 


4. Variation within a population of erythrocytes in their sensi- 
tivity towards antibody action seems likely to be an additional 
mechanism by which the patient can protect himself from the 
worst effects of his auto-antibodies. The wide range of sensitivity 
of individual cells to agglutination and lysis in conventional tests 
in vitro needs no emphasis. It is usually impossible to achieve 
100% agglutination or lysis, and, at the other end of the scale, 
the extreme sensitivity of some cells makes it difficult to define 
end-points accurately. 


In vivo, the same phenomenon has been demonstrated repeatedly by 
Cutbush and Mollison (1958) and Mollison (1959b) in their experiments 
with iso-antibodies. With some antibodies, depending on their titre, 
and depending, too, on the genotype of the erythrocytes, it seemed that 
a proportion of the cells might be so little affected by the antibody that 
their survival was unimpaired. 

It seems probable, therefore, that the circulating population of 
erythrocytes in a patient with auto-immune hemolytic anemia will 
contain a higher than normal proportion of relatively resistant cells 
because of the continuing and relatively rapid elimination of the most 
sensitive cells. This could explain, at least in part, the often poorer 
initial survival of transfused normal erythrocytes compared with that of 
the patient’s own cells, as measured by labelling a random sample of 
his peripheral blood (see Mollison, 1959a). 


5. It has been claimed that reticulocytes are less sensitive to 
hemolytic immune antibodies than are normal mature erythro- 
cytes (Cruz and Junqueira, 1952; Rice and Mathies, 1960) and in 
theory this could also be a protective mechanism in auto-immune 
hemolytic anzemia. 


Even if this were true in man 7n vivo, it can only have relative value, 
for in certain patients reticulocytopenia is found and it is generally 
thought that auto-antibodies not infrequently damage the marrow itself 
(see p. 381). Moreover, there is evidence which suggests that reticulo- 
cytes, because of their surface properties, tend to be sequestered 
(normally only temporarily) in the spleen (Berendes, 1959; Jandl, 
1960b) and this would be expected to nullify any benefit from the cells’ 
inherent insensitivity to antibody action. 


To summarize, the apparent relatively long survival of auto- 
antibody-sensitized erythrocytes in acquired hemolytic anzemia, 
compared with the much shorter survivals observed in experiments 
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on iso-antibody incompatibility, is probably due to a combination 
of factors. These include the large mass of erythrocytes at risk, the 
relative impotency (in some instances at least) of the auto-anti- 
bodies, the limited capacity of the splenic filtering mechanism and 
the resistance to the action of antibodies of a proportion of the 
erythrocytes being formed by the patient. 


Hemolysis due to Lytic Antibodies 


As referred to on p. 413, where any lysis depending on the 
presence of complement can be demonstrated in vitro at 37° C., 
the patient is usually seriously ill and may well be suffering from 
hemoglobinuria. Intravascular lysis dominates the picture, 
although there is every reason to believe that erythrocytes which 
have been agglutinated by the antibody and/or which have 
adsorbed sublytic amounts of complement are also removed from 
circulation, predominantly by the liver. Again, the experimental 
studies of Jandl, Richardson Jones and Castle (1957), Cutbush and 
Mollison (1958) and Jandl and Kaplan (1960) with lytic or poten- 
tially lytic iso-antibodies, e.g., anti-A, anti-B, anti-Le* etc., have 
shown how the rate of hemolysis and the proportion of cells 
hzemolysed in the blood stream or filtered from the circulation by 
the liver can be correlated with the lytic potency of the antibody 
mn vitro. 

In man, most of the restraints to the rate of haemolysis referred 
to above probably operate in the case of lytic antibodies as they do 
with incomplete and purely agglutinating antibodies. However, it 
seems doubtful whether “‘saturation”’ of the liver is as important a 
restraint as is “‘saturation”’ of the spleen and no physical restraint 
can operate in the circulating blood stream. Here, however, lack 
or even absence of complement is often found in the presence of 
severe intravascular hemolysis and this is likely to be important 
in retarding hemolysis, as has been so well demonstrated in dogs 
by Young, Ervin and Yuile (1949) and Christian, Stewart and his 
co-workers (1951). 


MECHANISM OF HAMOLYSIS IN THE SPLEEN AND 
LIVER: ROLE OF ERYTHROPHAGOCYTOSIS 


As has been detailed in the preceding pages, the importance of 
the spleen and liver in the disposing of antibody-coated erythro- 
cytes cannot be questioned. But the actual way in which the cells 
undergo destruction in these organs remains to be discussed. 
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There are at least three possible mechanisms: (a) erythrophago- 
cytosis; (b) the effects of erythrostasis, and of metabolic damage to 
erythrocytes, and (c) the effects of “tissue lysins”’ and enzymes. 

Erythrophagocytosis. Phagocytosis of erythrocytes by fixed 
tissue macrophages and in the peripheral blood has for long been 
‘known to be a striking phenomenon in experimental hemolytic 
anemia in animals. In man, too, the phenomenon is occasionally 
seen in the peripheral blood in severe cases of auto-immune 
hemolytic anzemia and it can regularly be produced in paroxysmal 
cold hemoglobinuria by the application of a ligature to the chilled 
finger (Ehrlich’s test) (see p. 24). In histological sections of spleens 
removed at operation or in the liver, lymph nodes and bone marrow 
of patients dying of auto-immune hemolytic anemia, the pheno- 
menon can usually be made out without much difficulty (see p. 
382). However, it should be added perhaps that a greater or lesser 
degree of phagocytosis of erythrocytes by macrophages in the 
littoral sinuses of lymph nodes is a common normal finding (Smith, 
1958) and presumably plays a part in physiological erythrocyte 
destruction. 

In man, erythrophagocytosis in the peripheral blood is more 
commonly seen in severe hemolytic anzemias due to lytic (com- 
plement-fixing) auto-antibodies than in other types, as in the 
patient described by Dacie (1949) and Case 7 (p. 4389), but the 
phenomenon may exceptionally be found in blood from patients 
whose antibodies are of the Rh-specific variety, e.g., in Case 12 of 
Dacie (1954), where the antibody acted as an unusually powerful 
warm (but non-lytic) agglutinin. 

Bonnin and Schwartz (1954) studied the antibodies of some of 
the author’s cases in vitro and compared the ability of these 
antibodies to cause erythrophagocytosis with that of iso-antibodies 
such as anti-A. In general, antibodies which did not fix comple- 
ment in vitro failed to produce erythrophagocytosis, while those 
which fixed complement and lysed normal or enzyme-treated cells 
did. These results parallel the presence of erythrophagocytosis in 
peripheral-blood or buffy-coat preparations. 

There is no doubt therefore that phagocytosis of antibody- 
coated erythrocytes is one way in which the damaged cells are 
disposed of, and this has been recognized by all authors who have 
reviewed the problem (see p. 605). What is not clear is the relative 
importance of this mechanism compared with other possible ones. 
The evidence referred to above suggests that it is a more important 
mechanism of disposal of complement-coated cells—which have 
not undergone actual lysis in the blood stream—than of cells 
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coated by incomplete antibodies, but the differences are likely to 
be quantitative rather than absolute. 

Effects of Erythrostasis and of Metabolic Damage to 
Erythrocytes. Ham and Castle (1940a, b, c) argued that erythro- 
stasis was probably an important mechanism leading to hemolysis 
and that erythrocytes showing increased osmotic fragility would be 
unusually sensitive to its effects. In auto-immune hemolytic 
anemia both sequestration of erythrocytes and osmotic-fragility 
changes are found, and it seems reasonable to suppose that relatively 
slow hemolysis could be brought about by these means alone, as 
in hereditary spherocytosis. The erythrostasis would also permit 
a relatively long exposure to locally formed auto-antibodies and 
this, too, must be a factor in accelerating hemolysis. 

But in addition to the antibodies bringing about erythrostasis 
(by promoting auto-agglutination or spherocytosis or both) there 
is some evidence that the presence of adsorbed antibody damages 
the metabolic efficiency of the erythrocyte—the spherocytosis may 
be a sign of this (see p. 20). For one thing, when blood is 
incubated in vitro, not only may the rate of autohzmolysis be 
accelerated but the addition of glucose to the suspension may fail 
to diminish the rate of lysis as it does normally (see Dacie, 1954, 
and p. 365). More detailed studies have provided further evidence 
in favour of metabolic damage. 


Swisher (1954) found in dogs transfused with the powerful dog “‘ anti-A” 
antibody that the in-vitro uptake of °?P-labelled phosphate by the 
recipient’s erythrocytes was markedly deranged subsequently, and 
further disturbances of carbohydrate metabolism of antibody-affected 
cells were mentioned by Young (1958) and Altman, Tabechian and 
Young (1959). 

Storti, Vaccari and Baldini (1956) described how D-positive erythro- 
cytes exposed to the antibody anti-D in vitro suffered an approximately 
25-80% reduction in the rate of glycolysis in vitro. Agglutination per 
se appeared to have nothing to do with the effect and it could not be 
reproduced with the iso-antibody anti-A. Nicolau and Teitel (1959) took 
the experiments of Storti and his co-workers as a starting point. They 
suggested that adsorption of antibodies might render a cell ‘‘ diabetic” 
by the antibody protein adsorbed to the surface of the cell acting as a 
mechanical barrier to the passage of glucose molecules. Nicolau and 
Teitel then described how the addition of insulin to incubating cells 
retarded the onset of change in osmotic fragility, and they suggested 
that the insulin, by enhancing glucose metabolism, might accelerate the 
rate of entry of glucose molecules through uncovered areas of the cell 
surfaces. 

The possibility that antibody coating of erythrocytes impairs their 
metabolism has thus to be seriously considered. If metabolic damage in 
fact occurs, it could not but fail to be a factor in accelerating erythro- 
cyte destruction within the spleen and possibly elsewhere, too, in the 
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body. Abnormalities in erythrocyte carbohydrate metabolism have also 
been demonstrated in experimental animals given anti-erythrocyte 
heteroimmune serum. Pipitone, Russo and Dailly (1959) and Pipitone, 
Russo, Crispo and Dailly (1959) have, for instance, reported that the 
ATP-ase activity of rabbit erythrocytes and the rate of glycolysis, 
respectively, are substantially reduced. 


Tissue Lysins. The fact that tissue extracts could cause the 
hemolysis of erythrocytes has been known for many years (see 
Ponder, 1951, 1952). The lytic substances in tissues appear to 
exist in life as lysin-inhibitor complexes, from which lysins can be 
extracted by chemical solvents (Laser, 1950) or by saline if the 
tissues have undergone autolysis (Brickmann and Wertheimer, 
1945). As Ponder (1951) has pointed out, they are thus laboratory 
creations, whose importance in pathology is quite uncertain. 
Nevertheless, such substances have been thought of from time to 
time as being possibly of significance in physiological hemolysis in 
the spleen (Fahraeus, 1939) and in hzemolytic states in man 
(Maegraith, Martin and Findlay, 1943; Castle, Ham and Shen, 
1950). 


More recently, the possibility that tissue enzymes may increase the 
sensitivity of the erythrocytes to agglutination by auto-antibodies has 
also been considered. Leroy and Spurrier (1954, 1955) have, for instance, 
stressed that B-glucuronidase, of which the spleen is a rich source, could 
act in this way. In vitro, cells exposed to the enzyme were more strongly 
agglutinated by specific iso-antibodies, and cold auto-antibodies acted 
at a higher temperature than on untreated cells—there are analogies 
here with the effect of trypsinization. Jn vitro, the agglutination- 
enhancing effect of B-glucuronidase was inhibited by cortisone acetate, 
and other known inhibitors of the enzyme. Magalini, Blumenthal and 
Stefanini (1956) have studied extracts of normal and pathological 
spleens. Hzemolytic fractions containing long-chain fatty acids were 
shown to produce sphering of the erythrocytes and then lysis. Other 
extracts inhibited lysis. They speculated that this ‘‘ balanced hemolytic 
system”? might operate in physiological hemolysis, and that in patho- 
logical states imbalance might be an additional mechanism for hemolysis 
within the spleen. Torp (1956) stated that the spleen contains acetyl- 
choline and suggested that the fall in pH resulting from the action of 
erythrocyte acetylcholinesterase on the acetylcholine might be important 
in hemolysis. Fall in pH resulting from erythrostasis per se or from any 
other mechanism might certainly accelerate hzmolysis in the spleen 
pulp, if the trapped cells were spherocytes. 


Mechanism of Sequestration of Antibody-Coated Erythro- 
cytes. One mechanism, already discussed (p. 610), is auto- 
agglutination occurring in the spleen pulp; a second mechanism is 
spherocytosis which probably impedes the passage of the cells 
through the intercommunications between the splenic sinuses (see 
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p. 136, in relation to Hereditary Spherocytosis); a third mechanism 
is loss of plasticity of erythrocytes coated with incomplete 
antibodies. 


Erythrocytes are known to be capable of marked alterations in shape 
without undergoing rupture and it seems probable that this ready 
plasticity enables the cells normally to squeeze themselves through small 
stomata in the splenic sinuses (see 'Teitel-Bernard, 1930). Loss of this 
normal plasticity might therefore have an important bearing on splenic 
hemolysis. Experimentally, there is some evidence that coating with 
incomplete antibodies may impair plasticity. Nicolau, Teitel and Fotino 
(1959) tested the ease with which erythrocytes coated with increasing 
amounts of anti-D passed through the pores of filter paper. A straight- 
line relationship on semilog paper was established between the speed of 
filtration and concentration of antibody. They suggested that the 
increasing difficulty in filtration was not due to auto-agglutination but 
was in fact due to loss of plasticity resulting from the antibody coating 
and that this could explain the selective trapping of sensitized cells by 
the spleen. 

The recent work of Weiss (1957) on the structure of the human spleen 
is relevant to the problem of erythrocyte sequestration. Contrary to the 
idea that the spleen consists of sinuses and an intersinusoidal labyrinth, 
the pulp cords, Weiss’s work has indicated that the splenic sinuses, which 
are tortuous vascular channels of large but variable diameter and which 
represent the first venous vessels in the spleen, make up the entire pulp. 
Thus the splenic cord tissue is not an extravascular space but sinuses 
cut off from the circulation and collapsed. In Weiss’s own words the 
red pulp is ‘‘an enormous vascular bed of branching tortuous splenic 
sinuses, patent and collapsed to varying degrees, sharing common walls, 
and communicating with one another through anastomotic apertures.”’ 
The sinus walls are formed of potentially phagocytic reticulo-endothelial 
cells and it is not difficult to envisage how the spleen pulp can function 
as an enormous repository for auto-agglutinated or otherwise damaged 
erythrocytes. 


The time taken for hemolysis to occur once antibody-coated 
cells have become irreversibly trapped in the spleen has been 
studied by Jandl (1956) and Jandl, Richardson Jones and Castle 
(1957). Human reticulocytes were labelled in vitro with 5°Fe and 
then sensitized with the iso-antibody anti-D. They were injected 
into a normal recipient and also into a patient with auto-immune 
hemolytic anemia. Radioactive iron was detected in the peri- 
pheral blood of the recipients, 7.e., in erythrocytes newly delivered 
from the bone marrow, in 34-86 hours in the normal recipient and 
within. 8 hours in the patient with auto-immune hemolytic 
anemia. Jandl and his co-workers calculated that the sensitized 
cells probably underwent lysis within a few minutes, that their 
hemoglobin was transformed to bilirubin in 1—2 hours and that the 
liberated iron was available for erythropoiesis in 6—8 hours. 
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Spherocytosis 


The phenomenon of erythrocyte spherocytosis! has been 
mentioned frequently in the preceding pages as being more or less 
conspicuous in most patients with auto-immune hemolytic anemia 
of the warm-antibody type; it is also a striking feature of the blood 
_ picture in experimentally produced immune hemolytic anemia in 
animals (see p. 623). It can be looked upon as a sign that the 
erythrocyte has been damaged by antibody action and, as has 
already been explained, the shape change itself probably leads to 
sequestration within the spleen. As Crosby (1952) pointed out, in 
acquired hemolytic anaemia the degree of spherocytosis may be 
more extreme than in hereditary spherocytosis (e.g., Fig. 120). 
Although its significance and importance is recognized, the actual 
mechanism of production of spherocytosis is scarcely understood 
at all. 

It has been realized for many years that although the injection 
of an anti-erythrocyte serum into an animal would produce 
spherocytosis with great regularity, the phenomenon could not be 
reproduced in vitro by the addition of antiserum to erythrocytes 
(Banti, 1913; Wasastjerna, 1948; Castle, Ham and Shen, 1950). 
Dameshek and Schwartz’s (1938) original view that spherocytosis 
was the result of a direct effect of “hemolysin” on the erythrocyte 
surface thus has had to be discarded. There is clearly some subtle 
peculiarly in-vivo mechanism which brings about the change. As 
already described, Castle, Ham and Shen (1950) concluded that 
spherocytosis might develop when agglutinated erythrocytes 
became exposed to injurious substances derived locally from tissues 
made ischzemic due to the auto-agglutination blocking small blood 
vessels. This mechanism still seems a plausible explanation. But 
there is at least one other possibility: this is that the spherocytosis 
develops as the result of metabolic damage suffered by the erythro- 


1The term ‘“‘spherocyte” was apparently first used by Christophers and 
Bentley (1909) in a monograph on blackwater fever which was published as a 
Scientific Memoir by the Government of India. In this remarkable study, the 
authors referred to the small deeply staining round cells which had been 
described previously by many authors in blood diseases (see pp. 2 and 83). 
Remarking that “‘microcyte”’ was an unsuitable term, they went on to say... 
‘‘Ithe] appearance [of spherocytes] is due mainly if not altogether to changes 
in their elasticity, which prevent them from becoming as flattened as are 
normal corpuscles.” As such cells are a “‘sign of most important pathological 
changes, we have thought it desirable to have a name to designate the 
condition and have termed them spherocytes [my italics].’’ The spherocytes 
were found not to be conspicuous in peripheral blood in blackwater fever but 
were noted to be an important feature in spleen blood. Christophers and 
Bentley’s experimental work with immune sera given to dogs is referred to 
on p. 623. 
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cyte in consequence of adsorption of antibody to its surface. That 
metabolic damage may occur has already been discussed (p. 617). 
This hypothesis, and also that of Castle, Ham and Shen (1950), 
provides an explanation for the occurrence of spherocytosis in vivo 
but not in vitro. 


Jandl (1960a), in referring to the occurrence of spherocytosis in 
auto-immune hemolytic anemia in man, considered that the sphero- 
cytosis and concomitant increase in osmotic fragility were a comparatively 
slow and indirect metabolic effect of antibody-coating. He felt that the 
tissues were in some way involved in this and he made the interesting 
suggestion that the change would manifest itself only when the filtering 
mechanism was overloaded and unable to clear all of the perfusing blood 
of coated erythrocytes. Presumably, as in hereditary spherocytosis, the 
most spherocytic cells in the peripheral blood are cells which have been 
held up in the spleen or elsewhere and subsequently have escaped to 
circulate once more in the blood stream. 

The above explanations certainly seem likely to be near the truth. 
Nevertheless, there are subtle differences between the action of one type 
of antibody and another which need explanation, such as the regular and 
striking association of spherocytosis and increased osmotic fragility with 
the presence of agglutinating and hemolytic iso-antibodies such as 
anti-A (Ebert and Emerson, 1946; Ervin and Young, 1950; Ervin, 
Christian and Young, 1950). In hemolytic disease of the newborn due 
to ABO incompatibility, too, spherocytosis is much more conspicuous 
than in Rh incompatibility, even when the latter appears to be asso- 
ciated with a more severe hzemolytic anzemia (see Chapter 18). However, 
these differences are probably linked with the effects the antibodies have 
on erythrocytes in vivo—whether the cells are weakly or strongly 
agglutinated, whether and where the cells are sequestered and for how 
long, and the amounts of antibody on the cells’ surfaces, rather than 
having anything to do with specificity per se. Certainly, in auto-immune 
hemolytic ansemia very marked spherocytosis can be produced by 
antibodies of Rh specificity (e.g., in Case 12 of Dacie, 1954), and 
incidentally, too, in the absence of the spleen, should hemolysis persist 
after splenectomy. 


EXPERIMENTAL IMMUNE HAMOLYTIC ANAEMIA IN 
ANIMALS 


Much light has been thrown on the spherocytosis problem and 
indeed on most aspects of auto-immune hemolytic ansemia in man 
by the numerous observations made on animals to which hetero- 
immune or iso-immune anti-erythrocytic sera have been adminis- 
tered. The experiments occupy an important place in the history 
of immunopathology and for this reason, if none other, they 
deserve a short account in their own right. Actually they have had 
a considerable effect on the development of thought in relation to 
human hemolytic anemia, for it has to be remembered that very 
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little experimental work in man had been possible before the 
advent of radioactive chromium. 


The Pioneer Experiments 


Belfanti and Carbone (1898) were apparently the first to record 
- that the serum of animals injected with the blood cells of a different 
species acquired a high degree of toxicity for the donor species. 
Bordet (1898) furnished the explanation: he found that if guinea- 
pigs were injected with defibrinated rabbit blood the guinea-pig 
serum would then dissolve and/or ageglutinate rabbit cells. He also 
showed that on heating the serum the lytic power was lost although 
agglutination persisted, and, in addition, that the serum of 
injected guinea-pigs was quite unable to lyse guinea-pig cells. 
These fundamental observations were soon confirmed and elabo- 
rated in France and Germany and many of the salient findings 
associated with the administration of hetero-immune sera accur- 
ately described. Cantacuzéne (1900) demonstrated how anzemia was 
produced. Lesné and Ravaut (1901) compared in dogs the effects 
of hemolytic immune serum with other hemolytic agents such as 
distilled water and toluylenediamine; they found that while small 
doses of the serum produced urobilinuria, large doses caused 
urobilinuria and choluria and the largest doses hemoglobinuria. 
Kraus and Sternberg (1902) recorded the occurrence of auto- 
hemagglutination in association with hzmoglobinemia, jaundice 
and bile retention. Levaditi (1902) described the marked erythro- 
phagocytosis, particularly in the spleen. 

Pearce (1904) prepared antisera against other tissues as well as 
blood cells. Areas of necrosis in the liver were readily produced in 
dogs when the immune sera were injected intravenously; he 
considered that the lesions were probably the consequence of 
venous or capillary thromboses, secondary to the plugging of the 
vessels with masses of agglutinated erythrocytes. In Britain, 
Dudgeon, Panton and Ross (1909), too, reported on the patho- 
logical changes. They prepared antisera against spleen extracts as 
well as against erythrocytes and observed similar changes with 
both types of antisera. Widespread necrosis of the liver and 
kidney occurred and the spleen was found to be distended with 
erythrocytes. There was abundant erythrophagocytosis within 
the spleen and in lymph nodes, which took on the appearance of 
hemolymph glands. 

Christophers and Bentley (1909) in India experimented with 
dogs, injected with antisera prepared in goats, in an attempt to 
obtain insight into hemolytic mechanisms in man, particularly that 
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of blackwater fever. As already mentioned, they coined the term 
““spherocyte.” Christophers and Bentley’s remarkable contribution 
deserves a more detailed description. 


At a post-mortem examination carried out on one of their dogs they 
noted that the blood was auto-agglutinated, that the spleen was markedly 
congested and that there was abundant erythrophagocytosis. In another 
animal they carried out serial osmotic-fragility studies, and observed that 
lysis commenced in near-isotonic saline. They noted that when lysis 
occurred in 0:99% or 1:0% NaCl, this was associated with hzmoglobi- 
nemia and hemoglobinuria, and on recovery, that lysis in the highest 
concentration of saline gradually diminished and then quite suddenly 
vanished. In their own words: “It is easy to see that the phenomenon is 
due to the existence of two types of red cell, a diminishing number of 
dark small corpuscles and an increasing number of large and more or 
less polychromatic cells. With the disappearance of the former the 
isotonic point of the blood returns to normal or nearly so.” 

Christophers and Bentley recognized that the hemoglobinemia 
resulted from intravascular haemolysis, ‘“‘lyszemia,’’ in contradistinction 
to erythrocyte destruction outside the blood stream which they referred 
to as ‘“‘erythrocatalysis”’ and attributed to erythrophagocytosis without 
solution of the hemoglobin. The phenomenon of rapid lysis in vitro was 
also recognized and referred to as “extravascular lysemia’’. Sphero- 
cytes were reported in the peripheral blood of some of the dogs receiving 
the immune serum. Although they were found to be inconspicuous 
in the initial stages of lysis, they were noted to be present in blood from 
viscera. When hemoglobinzmia was present, shoals of ghosts or shadows 
were seen in blood taken from the renal or hepatic veins. Referring to 
hepatic-vein blood, they stated: ‘‘ The groups of agglutinated cells are all 
spherocytes”’ and noted that they were often arranged around one or 
two leucocytes. 


In addition to making these remarkable and prescient observa- 
tions, Christophers and Bentley went on to discuss the possible 
causes for the lack of correlation they had observed between the 
action of hemolytic agents an vitro and in vivo and cited specific 
immune sera and cobra venom in illustration. 

Christophers and Bentley’s work was followed by the extensive 
and important observations of Muir and McNee (1911-12) and of 
Banti (1918). 


Muir and McNee worked with rabbits given hemolytic immune sera 
derived from goats and they described in detail the consequent blood 
changes. Their paper contains some good photomicrographs, and 
although they do not actually use the term “‘spherocyte,”’ they certainly 
illustrate them and comment on their presence. The following is part 
of what they say: ‘‘ As the anemia progressed many of the old erythro- 
cytes seem to diminish in size, so that many corpuscles of 3-5 u in 
diameter, which stain deeply with eosin, are present. At the same time, 
the larger newly formed corpuscles gradually lose their basophil 
reaction, and it would appear that some of them undergo contraction 
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and diminution in size.’’ Later on in their paper they noted that the 
microcytes disappeared quickly as the animals recovered and concluded 
that this was probably the result of their being destroyed. 

Muir and McNee went on to discuss the mechanism of anzemia and to 
compare the degree to which overt erythrocyte destruction could be 
produced by experiments in vivo, and in vitro, as the result of the 
. interaction between erythrocytes, antibody and complement. They made 
the point that the amount of hemolysis produced in vivo by a particular 
dose of immune serum was always far greater than that which would be 
expected on the basis of experiments in vitro and they reached the 
important conclusion that the course of events in the experimental 
animal could not be explained by the principles which governed the 
development of lysis in the laboratory. 

Banti (19138) used dogs as well as rabbits, and although he did not 
study erythrocyte morphology closely, he measured osmotic fragility 
and also considered the role of the spleen in hemolysis. Like Christophers 
and Bentley and Muir and MecNee, he was struck by the much greater 
activity in vivo of hemolytic immune sera compared with their ability 
to cause lysis in vitro. He noted, too, that the erythrocytes of the 
experimental animal became more fragile to osmotic lysis by hypotonic 
saline, and discussed possible causes of this. He rejected the hypothesis, 
which he attributed to Widal, that the increased fragility was due to 
adsorbed antibody and considered that the change more probably 
resulted from a peculiar ‘‘fragilizing activity’? which the animal 
possesses or develops, and that the severe anemia which a hemolytic 
serum might produce after injection was in large part due to the 
hemolytic potentiality of the animal itself. 

Banti then considered where this hypothetical hemolytic potentiality 
was likely to be located, and concluded that the spleen was the most 
important organ in this respect. First, he noted that when hzmolytic 
sera were given to splenectomized animals the resultant effects were less 
intense; there was less anemia, and this occurred more slowly ; osmotic- 
fragility changes were less marked and there was less hamoglobinemia. 
Secondly, he referred to the well-known fact that the spleen enlarges 
after the administration of serum and becomes greatly congested. He 
described how the erythrocytes filled the sinuses and infiltrated the pulp 
cords in large numbers. He pointed out that the endothelial cells 
became swollen and acted as erythrophages, and that within the pulp 
were masses of agglutinated cells, some lacking haemoglobin but others 
being well-filled small cells. Banti added, significantly, that with large 
doses of serum the liver showed rather similar changes; the capillaries 
were dilated and packed with agglutinated cells and the Kupffer cells 
acted as erythrophages. Banti was a most acute observer; almost 
everything he reported has, in retrospect, been shown to be correct. 


Pearce and his colleagues carried out a long series of experimental 
studies in America, working with dogs and rabbits. Their cumula- 
tive experience was set out in a monograph, The Spleen and 
Anemia, published in 1918 (Pearce, Krumbhaar and Frazier). 


Much of their work was concerned with the effect of splenectomy on 
blood formation and osmotic fragility and on the response of splenec- 
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tomized animals to hemolytic agents. They concluded, as had Banti in 
relation to immune sera, that there was a lessened tendency for hemolytic 
agents to cause severe anemia, hemoglobinuria and jaundice after 
splenectomy, but they also noted in the splenectomized dog given 
immune serum that, although the anemia might be slow to develop, 
recovery was also slower so that eventually the anemia might be more 
severe and prolonged than in normal dogs. Pearce and Austin (1912) 
in an early paper described how after splenectomy in dogs many more 
phagocytes were seen in lymph nodes and also in the livers of dogs 
given immune serum. This they attributed to a compensatory taking 
over of the spleen’s function. 


The early experimental work carried out in the first two decades 
of the century outlined in the preceding paragraphs established 
clearly the main features of the hemolytic anzemia produced in 
animals injected with immune sera. The course of events was 
clarified and the changes in morphology of the blood cells were 
accurately described. Spherocytes were named and recognized and 
their significance in relation to the frequency of osmotic-fragility 
changes was appreciated. The occurrence of lysis in the blood 
stream was well recognized and its relationship to hemoglobineemia 
established; autohzemagglutination in vivo had been noticed, as 
well as congestion of the spleen and liver, and the part played by 
phagocytosis in disposing of damaged erythrocytes was described. 
The effect of splenectomy in alleviating to some extent the worst 
effects of the immune serum had been established and the dis- 
crepancy between the potency of an antibody in vitro and its 
apparently more severe effect 1m vivo was recognized. 


More Recent Studies 


The above summary broadly describes the position when 
Dameshek and Schwartz in 1988 reawakened interest in the 
experimental approach to hemolytic anemia and pointed out the 
many analogies which could be drawn between the experimental 
disease in animals and the spontaneous disease, acute (acquired) 
hemolytic anemia, in man. No major discoveries had been made 
in the intervening years, although some experimental work had 
been carried out, e.g., by Bennati and Pla (1932), who studied 
leucocyte changes and recorded hyperleucocytosis in dogs, and 
Filo (1936). 

Dameshek and Schwartz’s (1938) main contribution, other than 
causing a general reawakening of interest, was the demonstration 
of the relationship between the amount of hemolysin injected into 
guinea-pigs and the severity of the haemolytic process produced, 
and the correlation of the severity of hemolysis with the changes 
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in erythrocyte morphology and osmotic fragility. They pointed 
out, too, as had Banti (1913), that the effects of the injection of 
immune serum were not maximal shortly after the time of the 
injection but developed progressively. 

The time-sequence of events was also studied in detail in dogs by 
- 'Tigerrt, Duncan and Hight (1940): a diminution in erythrocyte diameter 
was demonstrable in 12 hours and became marked in 48 hours. Anzemia 
was maximal in 3-6 days. Signs of regeneration, with the appearance 
of normal-sized cells or macrocytes, were obvious in 8—4 days, and 2-3 
days later a double population of erythrocytes could be seen. Sphero- 
cytes gradually decreased in numbers but might be demonstrable up to 
1 month following the injection of immune serum; they were usually 
devoid of reticulo-filamentous material. 

Later contributions have been mainly concerned not so much 
with morphology but with pathogenesis, the role of incomplete 
antibodies and agglutination by antiglobulin serum. 

Bessis and Freixa (1947), working with rats, made a notable 
contribution from several points of view. The morphological 
changes were described in detail, in particular the tendency 3—4 
hours after the injection of serum for the erythrocytes of the 
injected animal to adhere one to the other in the form of chains 
and if subject to tension to assume a fusiform shape and to be 
joined end to end by a thread (chaine de fuseaux)—this pheno- 
menon can also be seen in auto-agglutination in man (see p. 355). 
Later, chains of spherocytes were formed which looked very much 
like greatly enlarged streptococci; and with larger doses of serum 
clumps of spherocytes resembling bunches of grapes were formed. 

Bessis failed in his attempt to produce chronic hemolytic 
aneemia and concluded that this was due to the animal developing 
antibodies against the injected serum which neutralized its effects. 
Bessis also made the interesting observation that antiserum was 
effective if given by mouth to rats in the first 20 days of life. 


Wasastjerna (1948, 1951, 1953) published the results of extensive 
studies. He used guinea-pigs and compared the ability of immune 
serum, saponin, streptolysin and a bean extract in bringing about 
hemolysis. Wasastjerna confirmed much of the earlier work. He, too, 
noted the discrepancy between the in-vitro and in-vivo effect of immune 
serum but concluded. that conditions in vivo do not activate the 
hemolysin directly; he raised the question as to whether an excess of 
complement was significant in this respect. He noted that the enhance- 
ment of hzmolysin activity in vivo applied only to the immune serum, 
not to saponin and streptolysin which if anything were less active in 
vivo than might be expected, and that the hemolysis they produced was 
not progressive. 

Wasastjerna, too, found that the effect of an immune serum was 
usually less in a splenectomized animal as also was the spherocytosis. 
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He concluded that the latter change was not the direct effect of the 
hemolysin but was produced by the action of the living animal on the 
‘‘sensitized”’ cells. He concluded that intravascular auto-agglutination 
was an important mechanism by which the effect of the antibody was 
potentiated. 


Recent Studies on the Effect of Splenectomy in Experi- 
mental Hemolytic Anzemia. The effect of splenectomy has 
been further studied by a number of workers and in a variety of 
animals. In rats, Franke (1950) and Tischendorf and Franke 
(1950-51) found that the course of erythrocyte destruction was not 
significantly altered, but Piovella and Formaggio (1950) reported 
that splenectomized dogs appeared to be protected to a slight 
extent. Wagner and his colleagues (1955) and Wagner (1956), 
again in rats, found that splenectomy, reticulo-endothelial cell 
blockage with trypan blue, or the administration of Phenergan 
were all without benefit. 

It is clear from this work and from the other observations already 
referred to that splenectomy has at the most a minor effect in 
modifying the course of hemolytic anzemia produced by immune 
sera in experimental animals. These poor results at first sight 
appear to be somewhat unexpected in view of the often favourable 
influence of splenectomy in auto-immune hemolytic anemia in 
man. This difficulty is, however, resolved when it is remembered 
that heteroimmune sera contain powerful agglutinating and 
heemolytic antibodies which cause intravascular hemolysis as well 
as (probably) affecting erythrocytes in such a way that they are 
removed from the blood stream throughout the reticulo-endothelial 
system. In man, in all probability, the most favourable results of 
splenectomy are only to be expected in those patients who form 
incomplete antibodies which sensitize erythrocytes particularly to 
the sequestering action of the spleen (see p. 668). 


Various drugs and vitamins have been given to experimental animals 
in an attempt to alleviate the rate of erythrocyte destruction. Piovella 
(1953) administered acaprine to dogs, which reduces the size of the 
spleen, and found that this afforded some protection. Stepantschitz and 
Wagner (1955) found that vitamin B, (pyridoxine) had some protective 
value in rats, and Stepantschitz (1957), also working with rats, reported 
favourably on Largactil. (The effect of ACTH and cortisone and allied 
steroids in experimentally produced hemolytic anemia is considered in 
Chapter 12, p. 665.) 


Resistance to Heiero-Immune Sera 
As mentioned on p. 626, Bessis and Freixa (1947) failed in their 
attempts to produce a chronic hemolytic anemia in rats by the 
administration of repeated doses of immune serum. This work was 
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confirmed by Samaille, Ropartz, Eyquem and Goudemand (1952-58), 
working with dogs, and by Arbouys and Eyquem (1954), who found, 
however, that when rats became resistant to one heterospecific serum 
they would still respond to injections of an immune serum prepared in 
another animal. However, after about 40 days a general and un- 
explained resistance developed. Davidsohn, Hermoni and Hanawalt 
. (1957) also showed that guinea-pigs became resistant to immune rabbit 
serum if they were first immunized against normal rabbit serum. 


Antiglobulin Reactions in Experimental Hemolytic 
Anzemia. The role of incomplete antibodies and auto-antibodies 
has been considered in a number of recent studies. Samaille and 
his co-workers (1952-53) and Samaille, Ropartz and Eyquem 
(1953) described some most interesting observations using anti- 
globulin sera directed against rabbit globulin and dog globulin, 
respectively. In particular, they showed in dogs injected with 
immune sera prepared in rabbits that the dogs’ erythrocytes 
became coated with dog serum protein as well as with rabbit 
immune protein. The autologous protein remained coating the 
erythrocytes longer than did the heterologous protein and was 
particularly noticeable in animals previously immunized against 
the heterologous (rabbit) protein. Samaille and his co-workers 
discussed whether the autologous coating protein could be com- 
plement or anti-antibody directed against the heterologous rabbit 
protein, and considered that the latter was more likely. Analogous 
observations made in guinea-pigs injected with rabbit immune 
antibody were reported by Samaille and Richardson Jones (1953). 


Muratore, Cervellera and Gardai (1953) working on parallel lines made 
similar observations, also in guinea-pigs. They interpreted their results, 
however, as indicating that the delayed hemolytic anemia in the 
animals they were investigating was brought about by the combined 
effects of hetero-antibody and incomplete auto-antibody, an interpreta- 
tion which appears to be less likely. Similar experimental observations 
were reported by Lille-Szyszlkowicz and Chojnacka (1955). They also 
concluded that erythrocyte destruction was not wholly due to the 
introduction of hetero-immune serum but was supplemented by auto- 
antibodies formed against the recipient’s erythrocytes which had been 
damaged by adsorbed antibody. This interpretation is in line with the 
anti-antibody hypothesis of Milgrom (see p. 591). 


It is difficult to assess what part, if any, incomplete antibodies 
in hetero-immune sera play in erythrocyte destruction in the 
experimental animal. Certainly, the more severe phases of 
hemolysis appear to be due to the action of agglutinin and hzemo- 
lysin. Kuroyanagi and Kurisu (1959) have, however, reported that 
they destroyed agglutinating and hemolytic antibody by heating 
immune dog serum to 65°C. for 60 minutes and subsequently 
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obtained a hemolytic syndrome in rabbits by the administration 
of the heated serum in which incomplete antibody was still present. 
Significantly perhaps, previous splenectomy protected the animals 
against the effects of the injected serum. 


Morris (1958) reported on some interesting experiments on young 
mice injected with rabbit anti-mouse-erythrocyte serum. Massive auto- 
agglutination took place in the liver, spleen, lungs and bone marrow, 
and the animals seemed to die from the removal of erythrocytes from 
‘circulation rather than of hemolysis. If they survived, hzeemoglobinzemia 
occurred 18-34 hours after the injection of the serum, and this was 
interpreted as due to the lysis of sequestered blood. Liver-cell necrosis 
was also a noticeable feature. Young mice have little or no demonstrable 
complement in their serum, and the delay in hemolysis was thought to 
be due to this. In older animals, whose serum contains complement, 
hemoglobinzmia was found to be an early feature if sufficient antiserum 
was given. 


Experimental Anzmia Produced by Iso-Antibodies 


Compared with the many reports of the use of hetero-immune 
serum, there are but few descriptions of the effect of iso-antibodies 
in causing anzemia in animals, other than in hemolytic disease of 
the newborn. The work of Young and his colleagues in dogs 
furnishes, however, a notable exception. Almost all possible facets 
of the effects of iso-antibodies were explored. The consequence of 
transfusing incompatible erythrocytes was closely studied and by 
the transfusion of antibody-containing plasma it was possible to 
reproduce almost exactly the sequence of events following the 
transfusion in man of human high-titre potent anti-A to group-A 
recipients (see p. 631). Interesting data were accumulated on the 
relationship between the in-vitro characteristics of an antibody 
and its effects an vivo, and the role of complement deficiency as a 
possible limiting factor in intravascular lysis was clearly shown. 


An account of the early observations of Young and his school are 
given by Young, Ervin and Yuile (1949) and Young and his co-workers 
(1950). More detailed observations on the in-vitro activities of the five 
different dog iso-antibodies studied, anti-A, -B, -C, -D and -E were 
reported by Christian, Ervin and Young (1951) and Young and his 
co-workers (1951). Anti-A, an antibody which is powerfully hemolytic 
in vitro, caused rapid intravascular hemolysis, with hzemoglobinemia 
and hemoglobinuria, in vivo. When serum containing anti-A was 
transfused to A-positive dogs, hemolysis of the recipients’ erythrocytes 
took place over a period of a few days, with positive antiglobulin tests, 
spherocytosis and increased osmotic fragility persisting for considerably 
longer. Anti-B, -C and -D act as agglutinins in vitro and are insensitive 
to changes in temperature; they are not lytic in vitro, and in vivo they 
seemed to cause little or no lysis of incompatible cells. Anti-C and anti-D 
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may cause sensitization to antiglobulin serum in vitro and this is 
regularly accomplished by anti-E, which is an agglutinin potentiated by 
cold. 

Christian, Stewart and their co-workers (1951) demonstrated that if 
successive transfusions of incompatible A cells were given to a dog whose 
plasma contained a powerful anti-A, depletion of complement might 
- act as a real brake to the rate of disappearance of the transfused cells. 

Further details of experiments with six different iso-antibodies were 
briefly reported by Swisher, O’Brien and Young (1953), who again 
stressed the discrepancies between the in-vitro and in-vivo activity of 
an antibody: anti-C, for instance, had no effect in vivo, although causing 
agelutination at 37° C. in vitro. Swisher (1954), summarizing the group’s 
work on dog iso-antibodies, discussed mechanisms of erythrocyte 
destruction, as illustrated by their experience in dogs, in relation to 
current hypotheses. He mentioned that in one dog transfused successively 
with incompatible cells the indirect antiglobulin reaction was only 
demonstrably positive after the third transfusion, although the donor 
cells were eliminated at an increased rate, presumably by immune- 
antibody mechanisms, from the first transfusion onwards. This type of 
observation may have a bearing on the cases of human acquired 
hemolytic anemia where attempts to demonstrate an auto-antibody 
are completely unsuccessful (see Chapter 15). 

Miller and his co-workers (1955) described the occurrence of spon- 
taneous auto-immune hemolytic anemia in a dog. This appeared to be 
the exact counterpart of the human disease, and temporary remission 
followed the administration of ACTH. A panagglutinin was demon- 
strable, and when plasma containing the agglutinin was transfused to 
normal dogs this was shown to “block” the recipients’ cells and to 
prevent them from undergoing agglutination (by the panagglutinin) in 
vitro. In vitro, the panagglutinin produced a strong antiglobulin 
reaction but not in vivo, although the “blocked” cells became osmoti- 
cally fragile and had a shortened life span. Miller and his co-workers 
concluded that spherocytosis and cell destruction were brought about 
by factors other, or in addition to, the amount of antibody on the cells 
or in plasma. The beneficial effect of ACTH did not seem to be mediated 
through suppression of antibody formation. These observations under- 
line the complexity and variable nature of the mechanisms which bring 
about erythrocyte destruction. 

Finally, Swisher (1956), working with canine A cells and anti-A, 
pointed out how platelets adhere to agglutinated erythrocytes both in 
vivo and in vitro and suggested that this might be a mechanism producing 
thrombocytopenia (and leucopenia) following incompatible transfusion. 


Experimental Iso-Hzemolytic Anemia in Man 


The use of radioactive chromium in following the fate of small 
volumes of incompatible erythrocytes injected into human subjects 
has already been discussed. A further type of information can be 
obtained from the accidental, or deliberate, intravenous injection 
of homologous plasma containing antibodies in high-titre capable 
of reacting on the recipient’s erythrocytes. Ervin and Young 
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(1950), who also gave details of the earlier literature on “ dangerous 
universal donors,”’ presented a detailed hematological study of a 
patient, of group A, who accidentally received 500 ml. of group-O 
blood containing high-titre anti-A, and Ervin, Christian and 
Young (1950) described further details of three additional cases. 


In the first patient hemoglobinzemia persisted for 30 hours and 
hyperbilirubinemia, spherocytosis and increased osmotic and mechanical 
fragility lasted for at least 9 days. The patient’s hemoglobin fell from 
10-5 to 4-7 g. per 100 ml., despite further transfusions with group-A 
blood. The changes noted in the other three subjects were essentially 
the same: in particular, spherocytosis and increased osmotic fragility 
persisted for a surprisingly long time, 12-18 days and 8-11 days, 
respectively; in one case, too, the direct antiglobulin test was found to 
be transitorily positive. Exactly why anti-A should bring about such 
striking osmotic-fragility changes is not clear: that it does so regularly 
is another striking example of the discrepancies between in-vitro and 
in-vivo effects. 

More recently, Mohn and his co-workers (1961) and Bowman and his 
co-workers (1961) have published extensive comparative studies on the 
effects of the intravenous administration of high-titre anti-Rh, -K and 
-M to volunteers. In the first series of experiments (Mohn et al., 1961), 
although the recipients’ erythrocytes were found to give positive 
antiglobulin tests, no significant degree of heemolysis was discernible. In 
the second paper (Bowman e# al., 1961), a plasma containing anti-CD 
antibodies of exceptional potency was transfused, with remarkable 
results. Anzemia followed, the PCV fell to 21% by the 7th post-trans- 
fusion day and there was a rise in plasma bilirubin and hemoglobin 
which lasted at least 7 days. Marked spherocytosis developed with 
accompanying increase in osmotic fragility. A positive antiglobulin test 
persisted for 133 days. Extensive studies for free antibodies in the 
serum were also carried out and it was extremely interesting to note a 
resurgence of antibody activity between the 98th and 140th post- 
transfusion days. Bowman and his colleagues discussed various 
explanations for these findings, including the possibility of auto- 
immunization against erythrocyte antigens previously ‘‘altered”’ as the 
result of saturation with Rh iso-antibodies. 


Effect of Antibodies on Erythropoiesis 


The occurrence and serious nature of reticulocytopenia in the 
course of auto-immune hemolytic anemia in man has already been 
referred to (p. 381). Experimental observations support the 
concept that this may be due, at least in part, to a direct effect of 
the antibodies on erythrocyte precursor cells. 


Linke (1952), for instance, who administered rabbit anti-rat-erythro- 
cyte serum to rats found evidence in 18 out of 45 rats of marrow aplasia 
and reticulocytopenia which developed within a few hours of giving the 
serum. Previous splenectomy did not prevent it. Wagner (1956), who 
also worked with rats, demonstrated inhibition of the reticulocyte 
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response when he increased the dose of serum he administered. Najean, 
Ruvidic and Bernard (1959) compared the erythropoietic response of 
rats to comparable degrees of anzeemia produced by hszemorrhage and by 
the administration of immune serum, respectively; they found the 
reticulocyte response to be more vigorous and the incorporation of °*Fe 
more complete in the rats whose anemia was due to bleeding. Porter 
_ (1960a, b), who studied runt disease in newborn rabbits injected as 
foetuses with adult spleen cells, reported that the marrows became 
hypoplastic or aplastic after birth. 

In vitro, too, erythrocyte precursor cells can be affected by antibodies. 
Steffen (1955) reported that he had found the bone-marrow erythroblasts 
in two patients with acquired hemolytic anemia to be coated with the 
same globulins as were peripheral erythrocytes; both types of cell gave 
strongly positive antiglobulin tests. Pisciotta and Hinz (1956) showed 
that normoblasts derived from a patient with auto-immune hemolytic 
anemia were agglutinable by iso-antibodies such as anti-A and anti-D 
as well as by sera containing warm or cold auto-agglutinins, and Rossi, 
Diena and Sacchetti (1957), who also carried out experiments in vitro, 
were able to demonstrate agglutination of erythroblasts by auto- 
antibodies of both the warm and cold varieties. 


All these experiments point to marrow change as being of 
considerable importance in the genesis of anzemia due to immune 
sera. In man, aside from reticulocytopenia and the occasional overt 
megaloblastic change which may occur (see p. 380), nuclear frag- 
mentation and excessive intracytoplasmic iron granulation may be 
seen in films made from the blood or marrow of severely affected 
patients (Figs. 124 and 126, p. 358). How these unusual appear- 
ances are produced and whether they are related directly to 
antibody activity is uncertain. 


MECHANISM OF ERYTHROCYTE DESTRUCTION IN 
VIVO IN ACQUIRED HAMOLYTIC ANAMIA OF THE 
COLD-ANTIBODY TYPE 


As described in Chapters 7 and 8, the concentration of cold 
antibodies in the sera of patients suffering from auto-immune 
hemolytic anemia may be very high indeed, whilst the tempera- 
ture at which the antibodies are active in vitvo may extend almost, 
if not quite, to 37° C. It seems reasonable to regard the tempera- 
ture up to which the antibodies are active as of more importance 
to the patient than the titre of the antibodies at a low temperature. 

As described on p. 461, cold antibodies are capable of causing 
both agglutination and lysis of normal corpuscles in vitro as well as 
sensitization to antiglobulin sera. Normal corpuscles are, however, 
much less sensitive to lysis than to agglutination, even if the pH 
for lysis is adjusted to the optimum (usually pH 6-5—7-0). Never- 
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theless, in some cases lysis may be observed to take place in vitro 
at a relatively high temperature (e.g., at 30°C.) and at the 
physiological pH of blood. 

It is interesting to note that the highest temperature at which 
autohemagglutination can usually be demonstrated in a test-tube 
in the laboratory in patients suffering from the cold-hamagglutinin 
syndrome (29-382°C.) corresponds closely to the subcutaneous 
temperature of the unclothed limb exposed to normal environ- 
mental temperatures in Britain. Barcroft and Edholm (1946) 
found that the temperature of the skin, subcutaneous tissue and 
deep muscle immediately after baring the human forearm was 
33° C., 33-6° C. and 36-2° C., respectively. However, after the imb 
had been exposed for 2 hours to rather cool room temperature 
(18-5° C.) the temperatures were: skin, 27-9°C., subcutaneous 
tissue, 28°5° C. and muscle, 30°-7°C. The occurrence of auto- 
hemagelutination zn vivo in the presence of high-thermal amplitude 
auto-antibodies and the consequent development of Raynaud’s 
phenomena are thus hardly surprising. 

The episodes of hemoglobinuria which may be brought about 
by cold weather and the more constant presence of hamosiderin in 
the urinary deposit (Fig. 136, p. 372) indicate that part at least of 
the hemolysis takes place in some cases in the blood stream. It 
has been claimed (Stats, 1945) that it is the sensitivity of aggluti- 
nated corpuscles to mechanical trauma that is responsible for their 
breakdown in the blood stream when the temperature of the blood 
falls below 37° C. It is certainly true when auto-agglutination is 
exceptionally intense that clumped erythrocytes can be seen to 
undergo fragmentation as the result of minor trauma such as that 
produced by tapping the cover-glass overlying a suspension of 
agglutinated cells (Whittle, Lyell and Gatman, 1946-47). It must 
be borne in mind, however, in considering the importance of 
agglutination that antibody-complement lysis can be demon- 
strated to take place in vitro up to about the same temperature 
at which normal erythrocytes are agglutinated. 


Ham and his co-workers (1948) concluded that mechanical trauma 
caused lysis only when the corpuscles were already sensitized by 
incomplete antibodies. They studied two patients whose sera contained 
cold agglutinins at the same concentrations (titre 5,000). One patient, 
who was suffering from acquired hemolytic anemia, was anzmic; her 
erythrocytes gave a positive direct antiglobulin test: the other patient, 
convalescing from virus pneumonia, was not anemic and her erythro- 
cytes were not agglutinated by antiglobulin serum. Chilling the patients’ 
arms for 20 minutes resulted in heemoglobinzmia in the first patient but 
not in the second. 
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Stats’s (1945) observations were also against the hypothesis that the 
intensity of hemolysis 77 vivo can be correlated with the cold-agglutinin 
titre (at 0-2° C.). For example, one patient with an agglutinin titre of 
10,000 had experienced an attack of acute haemolytic anzmia: three 
others, however, with titres of between 5,120 and 12,800 had neither 
hemolytic anemia nor hemoglobinuria. 


Of the patients of the author’s series, those suffering from 
hemolytic anemia following virus pneumonia (e.g., Cases 15 and 
16 of Dacie, 1954) developed acute anzemia with antibody con- 
centrations significantly lower than those of some of the patients 
with the “idiopathic” disease in whom the rate of erythrocyte 
destruction appeared to be considerably less. It seems likely that 
qualitative differences in the antibodies, such as the ability to 
agelutinate the patients’ erythrocytes at relatively high tempera- 
tures, and to fix complement and bring about lysis at the 
physiological pH of blood, are important. 

Evidence which suggests a correlation between clinical hemolysis 
and the lytic power of the patients’ sera an vitro is summarized in 
Table 55. Here are compared the agglutinating and lytic activities 


Table 55 


Comparisons between the Agglutinin and Lysin Titres of the Sera of Five 

Patients who Probably Suffered from Virus Pneumonia. Patients I. P.., 

E. M. and A. S. developed Acute Hemolytic Anemia; Patients W. R. 
and W. B. did not become Aneemic 


Agelutination Lysis of 
Patient of normal PNH 
erythrocytes erythrocytes 
(autre, 17°C.) (titre; 17°2C;) 
W. R. 256 64. 
W. B. 512 32 
LP. 512 256 
EK. M. 512 256 
A. 8. 512 256 


of five sera obtained from patients who probably had suffered from 
virus pneumonia, titrated with normal and paroxysmal nocturnal 
hemoglobinuria (PNH) erythrocytes, respectively. The agglutinin 
titres were about the same in each instance. The lysin titres, using 
the PNH corpuscles, varied: in Cases I. P., KE. M. and A. S. they 
were close to the agglutinin titres—the patients all suffered from 
hemolytic anzemia; in Cases W. R. and W. B. the lysin titres were 
significantly less—neither patient suffered from hemolytic anemia. 
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A patient suffering from hemolytic anzmia following virus 
pneumonia (Dacie, 1954, Case 16) provided an opportunity for 
studying the reactions of his antibody in vitro in relation to the 
progress of his clinical recovery (Fig. 161, p. 533). Four samples 
of serum were compared for their ability to lyse PNH erythrocytes 
at 37° C.—a measure of antibody action at the upper limit of its 
thermal range—and for their ability to agglutinate normal erythro- 
cytes at 2°C. Clinical recovery was associated with loss of activity 
at 37° C. but only a small change in the agglutinin titre at 2° C. 


Experimental Studies on Patients 


Pannacciulli, Rossi and Tizianello (1958a, b) tagged with Cr 
the erythrocytes of a man, aged 61, who had formed high-titre cold 
agglutinins and studied the consequences of immersing all four 
limbs in water at 4° C. for 20 minutes. There was a fall in the 
hematocrit value of the blood in the general circulation which was 
attributed largely to pooling of blood in the limbs and probably in 
the liver also. Temporary rises in radioactivity were detected by 
in-vivo counting over the liver and spleen but the effect on 
erythrocyte survival was insignificant, although transitory hamo- 
globinzmia associated with an increased excretion of *4Cr in the 
urine occurred. 

Lewis, Dacie and Szur (1960) have recently reinvestigated the 
problem by studying what manipulations in vitro would cause 
reinjected erythrocytes to be removed from the circulation in vivo. 
Serum and erythrocytes were freshly obtained from an elderly 
patient (M. A., Table 31) suffering from typical cold-hemagglutinin 
disease. The erythrocytes were labelled with Cr and then 
resuspended as an approximately 15% suspension in the patient’s 
serum which had been heat-inactivated at 56° C. for 30 minutes 
(Expt. 1). The cells were then allowed to undergo massive auto- 
agelutination by chilling the suspension to 4° C. for 15 minutes. 
The suspension was then warmed to 37°C. and when the cells 
were no longer agglutinated the supernatant serum was pipetted 
off, replaced by saline and the suspension was reinjected into the 
patient. The survival of the formerly agglutinated cells was found 
to be unimpaired (Fig. 165). The experiment was repeated on two 
further occasions using fresh serum which had not been heat- 
inactivated (Expt. 2) and using fresh serum the pH of which had 
been adjusted to approximately 7:0 by the addition of a one-tenth 
volume of 0-2 N-hydrochloric acid (Expt. 3). In Experiment 8 the 
suspension was not cooled below 20° C. No in-vitro lysis was noted 
in Experiment 2 but definite lysis occurred in Experiment 8. 
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In Experiment 2, there was evidence from surface counting of 
the temporary sequestration of erythrocytes in the liver but no 
substantial degree of cell destruction occurred; in Experiment 3 
there was a major degree of hepatic sequestration and this was 
followed by considerable cell destruction (Fig. 166). 
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Fic. 165. Surface-counting pattern and blood radioactivity after 
labelling with °!Cr a patient’s own erythrocytes and subsequently 
exposing them at 4° C. to heat-inactivated autologous serum con- 


taining a high-titre cold antibody (Expt. 1). From Lewis, 
Dacie and Szur, 1960.) 


The experiments described above demonstrate that agglutina- 
tion per se may not harm erythrocytes and that agglutinated cells, 
once agglutination has been reversed, are not sequestered in the 
liver. The experiments do show, however, that if the antibodies 
are allowed to fix complement on the cell surfaces in sublytic 
amounts whilst undergoing agglutination, then, despite reversal of 
agglutination, sequestration in the liver will take place and, if the 
coating with complement is sufficient, this will lead to erythrocyte 
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destruction, presumably mainly by phagocytosis. These experi- 
ments have their counterpart in the experiments with iso-antibodies 
which have already been described (see p. 611). 

While the above experiments seem to dispose of the idea that 
agglutination by itself is harmful, it is certainly still possible, in ° 
fact probable, that it produces hemolysis indirectly. Two possible 
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Fic. 166. Surface-counting pattern and blood radioactivity after 
labelling with °1Cr a patient’s own erythrocytes and subsequently 
exposing them at 20° C. to acidified fresh autologous serum con- 
taining a high-titre cold antibody (Expt. 3). (From Lewis, Dacie 
and Szur, 1960.) 


mechanisms are the local hemolysis of clumped erythrocytes 
following the arrest of circulation and the mechanical rupture 
of auto-agglutinated, but still circulating erythrocytes. Still, it 
cannot any longer be doubted that the lytic potentiality of cold 
auto-antibodies is also important, either by causing direct intra- 
vascular hzemolysis, or more subtly by leading to coating of the 
cells with sublytic amounts of complement and their subsequent 
removal from the blood stream in consequence of this. The almost 
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invariable finding of positive direct antiglobulin tests in patients 
forming cold auto-antibodies and who are suffering from hemolysis 
underlines the importance of the complement-coating mechanism. 
In some patients, however, the antiglobulin test is positive despite 
there being little or no evidence of an increased rate of cell 
destruction. This seems to suggest that there are concentrations of 
complement adsorbed to the erythrocyte surfaces which are 
harmless—possibly the complement complex is denatured. It is 
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Fic. 167. Surface-counting pattern in auto-immune hemolytic 
anemia (cold-antibody type), following labelling of the patients’ 
erythrocytes with *!Cr. (From Lewis, Szur and Dacie, 1960.) 


also conceivable that denatured complement could be protective 
by preventing auto-agglutination (Dacie, 1959) or by blocking the 
adsorption of fresh active complement components. 

In the few patients suffering from the cold-hemagglutinin 
disease in whom surface counting has been carried out after 
labelling the patients’ erythrocytes with Cr, excess of radioactivity 
has been demonstrated in the liver as well as in the spleen, as could 
have been anticipated (Fig. 167). 

Possible Protective Mechanisms. There are at least two 
mechanisms which appear likely to protect the patient against the 
worst effects of intravascular hemolysis in hemolytic anzmia of 
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the cold auto-antibody type. One is complement depletion and 
the other is a relative insensitivity of the patient’s erythrocytes. 
As has already been described, there are many references to low 
complement levels in the serum of patients forming high-titre cold 
auto-antibodies; sometimes the serum appears to be devoid of 
complement activity or it may even be anticomplementary (see 
p. 505). By analogy with the observations of Christian and his 
co-workers (1951) in dogs this must put a brake on hemolysis. 

The second protective mechanism is illustrated in Table 32 (p. 
469). The results with the serum of E. W. are most illuminating. 
This particular patient’s cold antibody agglutinated normal 
erythrocytes at 37° C., but, fortunately, did not agglutinate her 
own cells at temperatures exceeding 32° C. Clinically, she was not 
very severely affected. In other cases, too, autogenous erythro- 
cytes appeared on the whole to be significantly less sensitive than 
normal adult control cells. These findings seem most likely to be 
the result of the selective influence of cell destruction in vivo, the 
more sensitive cells, 7.e., those agglutinated at the highest tempera- 
ture, being eliminated whilst the less sensitive ones survive. 


Effect of the Adsorption of Antibodies by Erythrocytes: Electron- 
Microscopic Studies 


The effect of agglutinins on the erythrocyte surface has been studied 
by optical and electron microscopy. Bessis and Bricka (1950) published 
some excellent photomicrographs of agglutinated erythrocytes, as seen 
under phase-contrast illumination or by the electron microscope. They 
illustrated particularly well the fine threads which link together 
separated but antibody-coated cells. Braunsteiner, Reimer and Speiser 
(1951) also described how agglutinated cells could be seen to have 
slightly irregular contours and to be connected by thin thread-like 
bridges. Baumgartner (1954) described how the bridges connecting cells 
agglutinated by cold antibodies were quite substantial (see Fig. 153). 
Rebuck (1953) reported on his studies on the erythrocytes from a case of 
acquired hemolytic anemia. Delicate strands were seen to bridge the 
‘‘plasma-corpuscular shrinkage space,’ each strand being adherent to a 
minute elevation of the surface ultrastructure. Rebuck described the 
antigen site in acquired hemolytic anemia as being 30 my in diameter 
whereas the site of interaction of A and anti-A was 24 times the size. 
Kuroyanagi and Kurisu (1959), who prepared an anti-rabbit-cell serum 
in dogs, reported that rabbit cells exposed to this serum, after it had 
been heated to 65° C. for 60 minutes to destroy complete antibody, 
showed abnormal coarseness of the surface membrane and the formation 
of folds or holes. 


These observations suggest that further studies with the electron- 
microscope of antibody-affected cells would be well worth while, 
despite the technical and interpretive difficulties, — 
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ROLE OF THE SPLEEN IN AUTO-IMMUNE 
HAEMOLYTIC ANAMIA IN MAN 


The part the spleen plays in the destruction of erythrocytes 
coated by auto-antibodies has been repeatedly mentioned in the 
_ foregoing sections of this Chapter, in particular in relation to 
erythrocyte sequestration and erythrophagocytosis. In the follow- 
ing paragraphs an attempt is made to summarize its various 
activities. 


(1) The spleen is the most important site for the destruction of 
erythrocytes coated with incomplete antibodies; such cells are 
filtered off from the circulation and retained (sequestered) in the 
splenic pulp. Sequestration is probably brought about by a number 
of mechanisms, auto-agglutination in concentrated plasma and 
mechanical retention due to spherocytosis being important in this 
respect. The sequestered erythrocytes are finally destroyed 
probably by erythrophagocytosis and possibly by other mechanisms 
involving tissue or cellular enzymes. Erythrostasis per se may be 
important if the erythrocytes are markedly spherocytic. 

(2) The spleen is relatively less important in the disposal of 
strongly auto-agglutinated erythrocytes. These are filtered off 
throughout the reticulo-endothelial system, particularly, because 
of its size, in the liver, and this is true also of potentially lytic 
antibodies causing fixation of complement. 

(3) Spherocytosis in auto-immune hemolytic anzmia occurs 
quite independently of the presence of the spleen, but if sphero- 
cytes are present, the spleen probably plays a part in filtering them 
off from the circulation. 

(4) The variable, but sometimes beneficial, response to splenec- 
tomy in human auto-immune hemolytic anemia is probably 
linked with the type and quantity of antibody formed. Although 
information is still seanty on this point, the correlation which has 
been shown to exist between the in-vitro properties of iso- 
antibodies and the sites of erythrocyte destruction in vivo probably 
holds true for auto-antibodies as well. The relative failure of 
splenectomy to affect the course of experimental hetero-immune 
hemolytic anzemia in animals is undoubtedly connected with the 
fact that such antibodies are complete in type and bring about 
both agglutination and lysis. 

(5) The spleen plays a part in the formation of the auto- 
antibodies, but this function is probably less important in the 
pathogenesis of the hemolytic anemia than is its role as an 
important, and unique, site of erythrocyte destruction. 
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Finally, it should be said that all the spleen’s various functions 
in relation to erythrocyte destruction in auto-immune hemolytic 
anzemia are probably dictated by abnormalities of the erythrocytes 
brought about by the adsorption of auto-antibodies, and that 
there is no reason to believe that the spleen usually plays anything 
but a secondary and passive role, except perhaps in the sense that 
it shares in the formation of the abnormal auto-antibodies. 
Instances of hemolytic anzemia, nevertheless, do occur occasionally 
where splenic hyperplasia appears to be the primary abnormality 
of a disease which is often associated with leucopenia and thrombo- 
cytopenia. The pathogenesis of these cases of “hypersplenism”’ is 
ill-understood but in most instances auto-antibody formation 
appears to play no part. 
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CHAPTER 12 


THE AUTO-IMMUNE HAMOLYTIC ANAMIAS 


VI. TREATMENT AND PROGNOSIS 


DespiTE the advent of adrenocorticotropic hormone (ACTH), 
cortisone and the newer adrenal steroids the effective treatment of 
patients with auto-immune hemolytic ansmia remains a major 
problem and the mortality from the disease is still high. Most 
patients suffering from the warm-antibody type of disease will, 
however, be found to respond favourably, to a greater or lesser 
extent, to a steroid drug if it is given in high enough dosage, and 
there is no question but that the use of steroids has replaced 
splenectomy as the single most useful form of treatment available. 
For this reason, contrary to the arrangement in the first (1954) 
edition of this book, steroid therapy will be discussed first; then 
splenectomy will be dealt with, then transfusion and, finally, some 
other less well established and less widely used forms of treatment. 
The warm-antibody type of disease will be considered first and 
then (briefly) the cold-antibody type. 


TREATMENT OF AUTO-IMMUNE HAMOLYTIC 
ANAMIA OF THE WARM-ANTIBODY TYPE WITH 
ACTH, CORTISONE AND THE NEWER STEROIDS 


Early Reports. The first published reports date from 1950. 
Dameshek (1950) reported “startling” improvement as the result 
of treating with ACTH two patients who were suffering from 
acquired hemolytic anemia associated with generalized lympho- 
sarcoma; the serum-bilirubin concentration and the antibody 
content in their sera diminished, their blood counts rose and the 
lymphosarcoma regressed. Dameshek also reported that two 
other patients with the “idiopathic” disease, who had not responded 
to splenectomy, improved on ACTH therapy. Gardner (1950), too, 
described improvement in three patients; in one, a girl aged 5 
years, the erythrocyte osmotic and mechanical fragilities returned 
to normal and there was a fall in the ‘‘ Coombs titer.” 


Details of five patients were given by Dameshek, Rosenthal and 
Schwartz (1951). In each case the direct antiglobulin test was positive 
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and all had circulating antibodies. Three of the patients were suffering 
from symptomatic hemolytic anzemia associated with lymphosarcoma 
or lymphocytic leukzemia, whilst in two patients the disease was of the 
‘“‘idiopathic”’ type. All received intensive ACTH therapy; the dosage 
varied from 30 mg. to 80 mg. given intramuscularly at 6- or 8-hour 
intervals. Four of the five patients underwent almost complete remis- 
sions and their antibody titres were markedly diminished. Two of the 
patients relapsed following cessation of therapy, but re-administration 
of ACTH resulted in further remissions. In a footnote the authors 
referred to three other patients suffering from the ‘‘idiopathic”’ type of 
the disease, all of whom responded dramatically to treatment with 
ACTH. 

Gardner and his colleagues (1951) reported detailed studies in three 
patients suffering from the “idiopathic” disease; two were children, one 
was an adult. The direct Coombs titre and the erythrocyte mechanical 
fragility declined markedly in each case, and in two patients the 
erythrocyte osmotic fragility became normal. Daily treatment with 
100 mg. of ACTH resulted in the disappearance from the adult patient’s 
serum of an agglutinin and hemolysin active against normal corpuscles 
at pH 6-4. At the same time there was a diminution in the concentration 
of serum y globulins. 

Wintrobe and his co-workers (1951) reported the results of treating 
three patients with ACTH, the maximum dosage being 100-200 mg. 
daily. In one idiopathic case a striking remission lasting more than 
9 months followed the daily administration of 200 mg. of ACTH; the 
direct Coombs titre, however, increased. The other patients, suffering 
from chronic lymphocytic leukemia and from disseminated lupus 
erythematosus, respectively, responded moderately well; in the latter 
patient the antiglobulin test became negative. 

Ley and Gardner (1951) reported favourable responses in three 
patients. In two the direct antiglobulin test became weaker or negative 
but it was unaltered in the third patient, whose remission was maintained 
on cortisone acetate. Best, Limarzi and Poncher (1951) likewise reported 
remissions in two further patients treated with ACTH and good responses 
by single patients were described by Unger (1951), Meyer (1951), Etess 
and co-workers (1951) and Crary and Beck (1952) whose patient also 
received cortisone. Sacks, Workman and Jahn (1952) reported remissions 
in two patients and partial remissions in six others. 

Rosenthal and co-workers (1952) used compound F (hydrocortisone). ~ 
When given intramuscularly, compound F appeared to be less effective 
than ACTH or cortisone in four patients; when given orally, it produced 
a good remission in one patient, but in another it seemed less effective 
than cortisone. 


The early observations on the use of steroids, summarized in the 
preceding paragraphs, were encouraging, although it is true that 
relapse had usually followed cessation of treatment. The question 
of dosage remained to be worked out. It was not, however, long 
before it was realized that a far higher dosage than had been 
anticipated might be necessary, and with the increased availability 
of the drugs this became possible. Meyers and his colleagues (1952) 
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obtained complete remissions in six out of seven patients suffering 
from the “‘idiopathic”’ type of acquired hemolytic anemia, but to 
obtain this daily doses of 100-160 mg. of ACTH or up to 300 mg. 
of cortisone had to be given. One patient remained in complete 
remission for 15 months after discontinuing therapy, two relapsed 
partially and four patients relapsed completely and needed further 
treatment. Meyers and his colleagues concluded that the best 
results seemed to be obtainable in patients who responded to 
moderate amounts of the hormones after relatively short periods 
of treatment. Dameshek (1952) summarized his relatively exten- 
sive experience by reporting that haemolysis could almost always 
be controlled but that a dosage of up to 300 mg. of ACTH or 
cortisone might be necessary. Fourteen out of his 22 patients had 
had complete hematological and clinical remissions, although the 
direct antiglobulin test usually remained positive. Frumin and 
co-workers (1953) showed that cortisone could be safely given in 
pregnancy; in one patient, whose acquired hemolytic anemia 
probably antedated the pregnancy, daily dosages of 25-200 mg. 
were given throughout. 

This early work was quickly repeated and confirmed outside 
America. In Britain, a good response in a single patient was 
reported by Davidson and his colleagues (1951), and Clearkin 
(1952) described how hemolysis was controlled by ACTH in one 
patient but was ineffective in a second. The results in four 
patients were reported by Davis and co-workers (1952); two of the 
patients responded well but two derived little or no benefit. 


The results of the trials sponsored in Britain by the Medical Research 
Council were only moderately encouraging (M.R.C. Haematology Panel, 
1952). The usual minimum course of treatment was 1 g. of ACTH or 
1-5 g. of cortisone given over a period of 10 days. Although eight out 
of 11 patients showed some sort of favourable response to treatment, in 
only three was the result really good; in these three cases the improve- 
ment was maintained for more than 6 months after stopping treatment. 
In some of the patients who responded partially the antiglobulin test 
became weaker; in others who responded the test still remained positive. 
The later history of some of these patients was reported by the M.R.C. 
Hematology Panel (1953). Of the three patients who responded well, 
one relapsed and died; the other two remained well. Of the five patients 
who responded partially, one recovered after splenectomy, but three 
died; one patient was not traced. 

In its second (1953) report the British M.R.C. Hematology Panel also 
reported on ten further patients: in seven the hemolytic anaemia was 
idiopathic; in three it was of the secondary type. In seven patients the 
antiglobulin test was positive. Five patients underwent complete 
remissions and three partial remissions. Two patients failed to respond 
(both had negative direct antiglobulin tests); their resistance could not 
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be ascribed to under-dosage. Throughout the latter series the daily 
dosage of the drugs ranged from 80 to 200 mg. of ACTH and from 100 to 
300 mg. of cortisone, but in the early stages of the trial the patients 
received smaller doses than this and were clearly inadequately treated, 
as stressed by Dameshek (1952) at the time. 

Rose and Nabarro (1953) studied three children severely ill with acute 
hemolytic anemia. Repeated transfusions did not affect the rate of 
hemolysis; all three, however, responded to relatively large doses of 
ACTH or cortisone. One child recovered after 5 weeks of ACTH therapy ; 
the other two relapsed when the drug was withdrawn but remitted when 
ACTH was re-administered. One child recovered after three courses of 
ACTH and cortisone; hemolysis in the other persisted longer, but was 
still being controlled by a daily dose of 75 mg. of cortisone 380 weeks 
after the start of his illness. The sera of all three children contained 
abnormal auto-antibodies. Aber, Chandler and Hartfall (1954) reported 
that the last patient was still being maintained in good health on 75 mg. 
of cortisone a day 60 weeks after commencement of treatment. 

In Europe, ACTH and cortisone were also soon widely used and 
generally favourable results reported, e.g., by Mallarmé and co-workers 
(1951), Mallarmé (1952), Heilmeyer (1952), Hansen (1952), Christol, 
EKyquem and Colvey (1952), Letman (1958), Gros (1955) and Verloop 
(1955). In Australia and New Zealand, improvement or good responses 
were reported by Saint and Gardner (1952), Gunz and Aiken (1952) and 
de Gruchy (1954). 


Relative Effectiveness of ACTH and the Use of the Newer 
Steroids 


The introduction of many new synthetic steroids in recent years 
raises the question of their effectiveness vis-d-vis cortisone and 
ACTH. First, however, the question as to whether ACTH has any 
advantage over cortisone (or prednisone) has to be discussed. 
ACTH was the first preparation available and as has already been 
described very favourable results have followed its use. The fact 
that it has to be given by injection is, however, a serious dis- 
advantage and if cortisone or prednisone, which are generally 
given orally, were always as effective as ACTH, the use of ACTH 
would certainly be obsolete. However, in the earlier literature and 
from time to time more recently, as well as in the present author’s 
experience, doubt has arisen as to whether ACTH may not have 
some real advantage in occasional patients. In theory, at least, 
the variety of hormones secreted by a stimulated adrenal might 
well be more effective than a single synthetic (adrenal-suppressing) 
hormone, even if the latter were given in very large doses. 


de Gruchy (1954) referred to four patients who responded to ACTH 
but not to cortisone, and Meyer and Ritz (1954) mentioned a patient who 
responded to a daily dose of 80 mg. of ACTH after having apparently 
failed to respond to 150 mg. of cortisone given daily for 17 days. Meyer 
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and Ritz referred to a further patient who failed to respond to oral 
cortisone but who nevertheless responded to the same drug when given 
by injection. Stein (1957) reported that a patient suffering from a severe 
grade of auto-immune hemolytic anzmia on two occasions failed to 
respond to 200-250 mg. of cortisone given daily by injection over a 
period of 5 days, only to respond immediately when ACTH was substi- 
tuted. Later, prednisolone was given by mouth in 50 mg. daily doses for 
5 days without effect; once more, there was a good response to ACTH. 
Dausset and Colombani (1959) also mentioned that in certain cases 
ACTH given intravenously might give spectacular benefit when orally 
administered steroids were ineffective. One of the difficulties in assessing 
the validity of these observations is the question as to the relative 
dosages and potencies of the preparations used. This is emphasized by 
the report of Aitchison (1953) where ACTH appeared to be ineffective 
while cortisone induced a dramatic improvement. Another factor which 
makes comparison difficult is the possibly impaired ability of very sick 
patients to absorb steroids given by mouth. There is, however, enough 
in the literature to warrant the use of ACTH in any severely ill patient 
when orally administered steroids appear to be ineffective. 


Use of the Newer Steroids: Prednisone. Reports on predni- 
sone (6-cortisone) date from 1956. Sussman and Dordick (1956) 
described favourable responses to Metacortin in three patients and 
stressed its relative freedom from side-effects. Dameshek and 
Komninos (1956) in a larger series also reported favourably but 
stressed that prednisone and cortisone did not seem to be exactly 
interchangeable in equivalent dosages (7.e., 40 mg. of prednisone 
might or might not seem to be equivalent to 200 mg. of cortisone). 
Some patients, for instance, appeared to respond better to predni- 
sone. This report is the most comprehensive of its kind, and dealt 
with the responses of 21 “‘idiopathic”’ and 22 secondary cases of 
auto-immune hemolytic anemia. Doses of the order of 150-300 
units of ACTH, 200-400 mg. of cortisone, 150-200 mg. of hydro- 
cortisone and 40-80 mg. of prednisone were used as initial therapy. 
Three patients did not respond, twelve responded to a limited 
extent but 28 enjoyed full hematological and clinical remissions. 
Fifteen out of 23 patients who had done well, relapsed when their 
treatment was discontinued. 

Other favourable reports on the use of prednisone include those of 
Marmont and Fusco (1956), Remy (1957) and Martelli, Martinez and 
Caronia (1959). 

Dausset and Colombani (1959) considered that prednisone was 
the best drug to use in routine treatment and this seems to be the 
general opinion: its side effects, in large doses, are less severe 
than those of cortisone and its ability to control hemolysis seems 
to be at least as good. Prednisolone appears to have no advantage 
over prednisone. 
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Less is known of the relative effectiveness of other new steroids. 
Yunis and Harrington (1958) considered that methylprednisolone 
was as effective as prednisone. Melani and Prenna (1959) reported 
the successful treatment of a severely affected patient with a very 
large dose (40 mg. daily) of triamcinolone. 

In a recent review Horster (1961) referred to the results of 
steroid therapy in 167 cases of “idiopathic”? auto-immune hzmo- 
lytic anemia: 6-8% of the patients were “‘cured’’, 31-7% were 
still in remission 1 year after stopping treatment, 51°4 were in 
remission only during treatment and 17% were not benefited. 

While the reports discussed in the preceding pages are encourag- 
ing in respect of the proportion of patients responding favourably 
to the drugs, it must not be forgotten that all adrenocorticosteroids 
are potentially dangerous to a greater or lesser extent and that a 
favourable response may be obtained only at the cost of the patient 
suffering serious and often disfiguring side effects. It is beyond 
the scope of this book to describe the general metabolic effects of 
adrenal corticosteroids, but a Cushingoid appearance and the 
onset of diabetes, peptic ulcer or osteoporosis are of all too 
frequent occurrence in patients on long-term treatment, particu- 
larly elderly ones. The hematologist is certainly very quickly 
made aware of the drugs’ disadvantages and would welcome 
satisfactory alternatives. Whether antimetabolites such as 6- 
mercaptopurine or 6-thioguanine, which have recently been used 
in treatment (see p. 678), will prove to be as effective as adreno- 
corticosteroids, and to have fewer disadvantages, remains to be seen. 


Personal Observations 


The present author’s experience in the use of steroids in the 
warm-antibody type of disease has been similar to that of most 
other workers: virtually all the patients so treated have shown a 
greater or lesser degree of benefit at one time or another, although 
in some this has not been sufficient to prevent the patient dying of 
his disease. Often relative failure to respond has been converted 
into successful treatment by increasing the dosage—sometimes 
though at the expense of unpleasant side-effects. ACTH, and 
cortisone and prednisone have been used, the latter almost 
exclusively in recent years, and in at least one patient ACTH 
appeared to be the more effective drug in the initial stages of 
treatment. Some typical responses are illustrated in Figs. 168-170. 
As will be described later (p. 692), the mortality in patients 
investigated by the author and treated with steroids (with or 
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without transfusions) has remained high (nine deaths out of 23 
patients (39%)). Three of the 23 patients have been clinically 
cured, and 14 have managed to compensate for continuing hemo- 
lysis; in six, however, this did not prove to be possible (Table 57, 


p. 693). 
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Fic. 168. Response in auto-immune hemolytic anemia of the warm- 
antibody type to treatment with ACTH and prednisone. The 
patient was a young woman, aged 26 years, who later was found 
to have disseminated lupus erythematosus. Response was rapid 
and remission was complete. (Krom Dacie, 1959a.) 


Clinical and hematological benefit from steroid therapy usually 
takes place, if it is going to occur, within a week; it may be obvious 
within 3—5 days. The first haematological sign is usually a rise in 
reticulocyte count (see p. 664). 

Further discussion of steroid therapy will be found in the 
sections dealing with Practical Management of Patients (p. 681) and 
Prognosis (p. 689). . 
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Mode of Action of ACTH and Adrenocorticosteroids 


Effect on Hematological and Serological Findings in Man. 
It was observed when ACTH was first employed as treatment, and 
it is now generally agreed, that if a patient derives substantial 
benefit from treatment with ACTH or steroid hormones, then this 


- 


Survival of Cr-labelled 
red cells 


% 100 
75 


50 
40 


30 


ransfusions 


40- 6 
0 
5 4 [Packed C 
20 : 
2 
10 
Reticulocytes 
OL 200 
mg 190 
or 100 
units 50 


Prednisone 


Se a ea Ske 10) cain Oe es 
January February 


Fic. 169. Response of an elderly woman aged 70 years suffering from 
auto-immune hemolytic anzemia of the warm-antibody type to 
treatment with ACTH, cortisone and prednisone (Case 5). 
(From Dacie, 1959a). 


will be reflected in an improvement in the serological findings. 
The direct antiglobulin reaction will become less strong and may 
even eventually become negative and free antibody in the serum, 
if originally present, may disappear altogether. This is the general 
sequence of events in a successfully treated patient in whom 
complete or almost complete remission has been produced. In 
patients, however, who derive minor but perhaps nevertheless 
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clinically important benefit, the serological findings—in particular 
the direct antiglobulin test—may appear unaltered. 


Evans (1955) mentioned the results of treatment in seven patients: 
in one the direct antiglobulin test became negative; in six it was less 
strong, and in three patients free antibody disappeared. 

Dameshek and Komninos’s (1956) series of patients was larger. 
Twenty-four patients (with the ‘“‘idiopathic”’ or secondary types of the 
disease) were studied intensively. The direct Coombs titre and strength 
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Fic. 170. Response in auto-immune hemolytic anemia of the warm- 
antibody type to treatment with prednisolone. The patient was 
a woman, aged 59 years, who was kept in fair health over a period 
of 6 years on moderate doses of the drug. Hzemolysis was com- 
pensated but the remission was incomplete. 


of agglutination lessened in 16 and in two other patients the test became 
negative, in one permanently; in five patients the strength of the reaction 
was apparently unaltered despite clinical and hematological benefit. 
Nineteen patients had warm antibodies demonstrable at 37° C. by the 
albumin or trypsinized-cell technique; these antibodies disappeared in 
eight and there was an improvement in titre in the remainder. 

Pisciotta and Hinz (1957), reporting on 33 patients with “idiopathic” 
or secondary auto-immune hemolytic anemia, noted a diminution of 
the strength of the direct antiglobulin reaction in most of them but a 
permanently negative direct reaction only twice. Letman (1957) 
reported good accord between the strength of the antiglobulin test and 
the intensity of the haemolytic process in seven out of 11 patients. 

The favourable effect on the direct antiglobulin test or a diminution 
or disappearance of free antibody from the serum of a successfully 
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treated patient occurs relatively slowly and may not be discernible 
within the first week of treatment; thereafter the response, if it occurs at 
all, is usually relatively rapid and should be well marked by the end of 
the second week. Kissmeyer-Nielsen’s (1957) report of a reversal of the 
serological findings the day after treatment was started is exceptional 
and unexplained. 


Mode of Action of ACTH and Steroids. Besides a diminution 
in the strength of the serological reactions as the result of treatment, 
a transitory but often substantial rise in reticulocyte count is 
usually discernible starting within the first week of treatment. 
This is often the first hamatological sign of response (see Fig. 168), 
although seldom remarked on (see, however, Pisciotta, Downer 
and Hinz, 1959). It has been thought that large doses of the 
hormones act, if only temporarily, as marrow stimulants (‘Tischen- 
dorf, Ecklebe and Thofern, 1951-2; Hudson, Herden and Yoffey, 
1952; Heilmeyer, 1952; Thorn et al., 1953). Baikie and Pirrie 
(1958) working with guinea-pigs also noted a rise in reticulocyte 
count when ACTH was administered. They considered that this 
was unlikely to be due to marrow stimulation and suggested 
premature release from the marrow or a delay in maturation of the 
reticulocytes as the explanation. They observed, too, that the 
presence of the spleen appeared to be necessary for the response, 
as this was not seen in splenectomized animals. 

Aside from their direct effect on the bone marrow or reticulo- 
cytes the hormones probably act (a) by diminishing the rate of 
antibody formation, and (b), less certainly, by interfering with the in- 
teraction between antibody and antigen or by restraining the pro- 
cesses such as erythrophagocytosis by which antibody-damaged 
erythrocytes are disposed of. Thorn and his co-workers (1950, 
1953) in comprehensive reviews considered that a modifica- 
tion of the reactibility of mesenchymal tissue generally, perhaps 
mediated by an alteration in cell permeability, might be a common 
denominator in the activities of the hormones. 


Inhibition of Antibody Formation 


The diminution in the strength of the antiglobulin test and the 
disappearance of free antibody from the serum of some patients success- 
fully treated with steroid hormones have already been referred to. This 
is evidence in support of the concept of inhibition of antibody formation, 
as is the reduction in serum y-globulin concentration often remarked on 
in early reports (Vaughan, Bayles and Favour, 1950; Gardner et al., 
1951; Saint and Gardner, 1952, and Hansen, 1952). There is also some 
experimental evidence which supports this concept, e.g., in rabbits given 
a variety of antigens (de Vries, 1950; Bjorneboe, Fischel and Stoerk, 
1951; Germuth, Oyama and Ottinger, 1951; Berglund, 1956). It should 
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be added, however, that Clearkin (1952) found that cortisone had no 
influence on the formation of hetero-antibody in rabbits injected with 
guinea-pig erythrocytes, and that Ecklebe and Sander (1952), using 
ACTH, obtained similar results in rabbits injected with dog cells. 
Kaliss, Hoecker and Bryant (1956) found that cortisone could inhibit 
the primary iso-agglutinin response to the inoculation of tumours in 
mice but not the secondary response. It cannot thus be said that a 
regular inhibition of antibody formation by ACTH or steroids has been 
conclusively established. Species and antigenic differences as well as the 
way in which the antigens are administered are probably important 
factors, but it is difficult to believe that this is not one way in which 
the hormones act in man. 

There is no evidence in experimental animals that ACTH or steroids 
accelerate the destruction of antibody (Germuth, Oyama and Ottinger, 
1951) and this certainly fits in with the clinical observation that ACTH 
or steroids do not normally have in man any immediate effect on the 
concentration of circulating antibody. Clinical evidence also agrees with 
experimental work in indicating that there is no release of antibody into 
the circulation in association with the lymphopenia which develops as 
an immediate effect of ACTH administration (Eisen et al., 1947; Fischel, 
Le May and Kabat, 1949; de Vries, 1950). 


Other Modes of Action of ACTH and Adrenocorticosteroids 


The possibility that ACTH or steroids might interfere with or inhibit 
the reaction between erythrocyte antigen and antibody has often been 
tested experimentally in animals given hetero-immune sera. The results 
have almost always been negative, e.g., in guinea-pigs (Clearkin, 1952; 
Wasastjerna and Désy, 1954; Baikie and Pirrie, 1958), cats (Eyquem, 
1951), dogs (Tischendorf, Ecklebe and Thofern, 1951-52), and rats 
(Feldman and Rachmilewitz, 1954). Exceptional reports suggesting 
some benefit include those of Ecklebe and Sander (1952), who found a 
lesser degree of auto-agglutination in dogs given ACTH, and Massei and 
Marinai (1956) who reported some degree of protection in dogs given 
small doses of immune serum. In man, Davidsohn and Spurrier (1954) 
reported that in several cases of human auto-immune hemolytic 
anemia the direct antiglobulin test became negative as the result of 
treatment with cortisone, although free antibody was still demonstrable 
in the serum although at a lower titre: this was interpreted as being the 
consequence of interference with antibody-antigen union. 

Despite the negative results of most of the experimental work cited 
above, in-vitro studies have been carried out which do in fact indicate 
that corticosteroids may have local effects on erythrocytes as well as 
the property of inhibiting erythrophagocytosis. Creger, Tulley and 
Hansen (1956) reported that hydrocortisone reversed in vitro the 
quickened electrophoretic velocity of antibody-coated erythrocytes : they 
considered that steroids might alter the electrical nature of the bond 
between cell and antibody without detaching the latter. Rossi and 
Salvidio (1960), on the other hand, reported an effect of cortisone on the 
erythrocytes themselves; they claimed that sera containing auto- 
antibodies activated the alkaline phosphatase of normal erythrocytes 
and that cortisone added in vitro prevented the activation which they 
considered to be evidence of metabolic damage to the cell. Finally 
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Packer, Greendyke and Swisher (1960) showed that the ability of normal 

leucocytes to phagocytose human erythrocytes sensitized by anti-A 

could be inhibited to a greater or lesser extent by the addition of various 

corticosteroid compounds to the experimental system. They were also 

able to show that the leucocytes recovered from patients receiving 

steroid drugs were much less active in phagocytosis than cells from 
normal donors. 

It is clear from the clinical and experimental observations 
described above that ACTH and the adrenocorticosteroid hor- 
mones are valuable weapons with which to treat auto-immune 
hemolytic anemia. How they influence hzemolysis is not quite 
clear. Their administration almost certainly leads to a reduction 
in the amount of antibody formed, but they probably also act, 
perhaps to a less important extent, in other more subtle ways. 
That they may benefit cases of hemolytic ansemia quite indepen- 
dently of their action on antibody formation or on antibody- 
erythrocyte interaction is illustrated by the report of Feldman and 
co-workers (1952), who found that the hormones protected rats 
from the hemolytic effects of acetylphenylhydrazine. 


EFFECT OF ACTH AND STEROID THERAPY ON AUTO- 
IMMUNE HAMOLYTICGC ANAZMIA OF THE COLD- 
ANTIBODY TYPE 


Almost all the reports on the effects of the hormones on human 
auto-immune hemolytic anzemia mentioned in the preceding 
sections have referred to cases of the warm-antibody type: the 
results obtainable in patients forming high-titre cold antibodies 
are less satisfactory and little or no effect on the cold-agelutinin 
titre may be discernible (Hennemann, 1953; Baumgartner, 1955; 
Pisciotta, 1955; Firkin, Blackwell and Johnston, 1959; Dausset 
and Colombani, 1959). This is also the present author’s experience 
(see Fig. 172, p. 679). 


SPLENECTOMY IN AUTO-IMMUNE ANAMIA OF THE 
WARM-ANTIBODY TYPE 


The beneficial effect of splenectomy in acquired hemolytic 
anzemia seems to have been reported for the first time by Micheli 
in 1911. Other favourable accounts soon followed (e.g., Antonelli, 
1913; Nobel and Steinebach, 1914), and by 1940 Dameshek and 
Schwartz were able to collect together reports of 23 patients 
suffering from the acute form of the disease (including four 
patients of their own), 20 of whom had responded favourably to 
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splenectomy. Later, Dameshek (1943) reported good results in 
ten out of 18 personally-studied patients. 

Subacute and chronic cases may also benefit greatly from 
splenectomy. According to Welch and Dameshek (1950), who 
reviewed 34 cases of “‘idiopathic”’ acquired hemolytic anemia, 
splenectomy is followed by a complete remission in approximately 
50% of patients. Rather similar results based on smaller series of 
patients have been published by others (e.g., Stickney and Heck, 
1948; Robson, 1949; Dreyfus, Dausset and Vidal, 1951; de Gruchy, 
1954; Dameshek and Komninos, 1956; Stickney and Hanlon, 1956; 
Beikert, 1957; Krauss, Heilmeyer and Weinreich, 1959a, b). 

Dausset and Malinvaud (1954) reported on 14 cases: the results 
were not particularly satisfactory; rapid cure in two patients, 
clinical cure in four, transient improvement in five and three post- 
operative deaths. 

Dacie and Chertkow (1955) and Chertkow and Dacie (1956) 
described the effect of splenectomy in 21 patients with the 
‘““idiopathic’’ form of the disease. The results were classified as 
good in four patients, fair in eight, poor in six and doubtful in 
three. No reliable clinical, hzeematological or serological data were 
found which could be used to predict the result of splenectomy 
beforehand, but it did seem that the chances of success might be 
worse in the younger patients, in those most severely anemic, in the 
presence of thrombocytopenia or in patients who had relatively 
small spleens. 

Kighteen of Young, Miller and Swisher’s (1957) patients were 
submitted to splenectomy: approximately two-thirds did well. 
Crosby and Rappaport (1957) reviewed the later histories of 27 
patients who had undergone splenectomy. Two died post-opera- 
tively, nine others died of various causes within 1 year of the 
operation, and there were 10 responses referred to as good, seven 
as fair and one as poor. 

Dausset and Colombani (1959) reported on 31 patients; eight 
recovered, twelve died and the disease was stated to be ‘“‘in 
progress”’ in eleven. The present author’s results are summarized 
in Table 57 (p. 693). Inall, 26 patients have undergone splenectomy : 
clinical cure resulted in seven, and in eight the result was scored 
as fair, 7.e., haemolysis persisted but was compensated for; 13 
patients have died, two immediately post-splenectomy. 


Selection of Cases for Splenectomy 


The unpredictable and often poor and disappointing results of 
splenectomy which have been described in the preceding paragraphs 
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need some explanation. They are not, however, as mysterious as 
they at one time appeared to be. As has been discussed in detail 
‘in Chapter 11, the role of the spleen in human auto-immune 
hemolytic anzemia is now quite well understood: it is an organ 
peculiarly adapted to the filtering off from the circulation of 
erythrocytes “‘coated”’ with incomplete antibodies; it plays a part, 
~ but only a minor part, in the disposal of strongly agglutinated 
and/or complement-coated cells; it is probably never more than a 
minor, and hence clinically unimportant, source of antibody. If 
vast amounts of antibody are being formed (e.g., Case 12 of Dacie, 
1954), the absence of the spleen has no effect on the (fatal) issue. 
With these points in mind the variable results of splenectomy can 
be more easily understood: the nature and amount of antibody 
formed are all-important in determining the result. 

However, even if the role of the spleen and the reasons for 
failure of splenectomy are now better understood, the practical issue 
of when the operation should be carried out remains. Help can be 
obtained from two approaches. First, the reactions of the antibody 
in vitro should be determined: if it is an in-saline agglutinin or a 
lytic antibody the chances of much improvement by splenectomy 
are likely to be poor; if an incomplete antibody, in the absence of 
marked auto-agglutination of the patient’s blood at 387°C., 
substantial benefit should result. A striking degree of auto- 
agglutination probably means that an important degree of 
erythrocyte destruction will take place in organs other than the 
spleen. Secondly, the result of in-vivo counting for radioactivity 
over the liver and spleen following the tagging of the patient’s 
erythrocytes with Cr is probably highly relevant to the result of 
splenectomy. Substantial excess of radioactivity over the spleen 
and little or no excess radioactivity over the liver are indications, 
in theory at Jeast, that substantial improvement will follow 
splenectomy, while accumulation of radioactivity predominantly 
in the liver or in the liver as well as in the spleen militates against 
success. So far the results of only relatively few studies with *!Cr 
have been reported in which the patient’s spleen has actually been 
removed, but, such as they are, they are in accord with the above 
concept (Korst, Clatanoff and Schilling, 1955; Hughes Jones and 
Szur, 1957; McCurdy and Rath, 1958; Scheitlin and Frick, 1959; 
Fieschi, Tizianello and Pannacciulli, 1958; Fieschi, Pannacciulli 
and Tizianello, 1959; Lewis, Szur and Dacie, 1960). 

Unfortunately, even if the laboratory studies give a clear answer 
(which can be correctly interpreted), they do not wholly solve the 
clinical problem. First, there is the question as to how long to persist 
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with steroid therapy in a patient who seems likely to respond to 
splenectomy, bearing in mind the dangers of steroid therapy and 
also that the operative mortality of splenectomy is not negligible. 
Secondly, there is the serious problem as to what is to be done with 
very severely-ill patients, when the serological findings and the 
result of *Cr-tagging suggest that a good response to splenectomy is 
unlikely, and when the clinical need to do something to help them is 
most pressing. 

Treatment with ACTH and adrenocorticosteroids seemed at one 
time likely to supplant splenectomy altogether in the treatment of 
auto-immune hemolytic anemia, particularly bearing in mind the 
uncertain results of the operation. Dausset and Malinvaud (1954) 
concluded, for instance, that splenectomy should not normally be 
undertaken within 1 year of the start of the patient’s illness, and in 
Dameshek and Komninos’s (1956) report splenectomy had been 
carried out in only nine of their total of 43 patients (21 “‘idio- 
pathic”? and 22 secondary). Dausset and Colombani (1959), too, 
believing that splenectomy has no curative effect and does not 
influence the final result of the disease, argued that the operation 
should not be undertaken (a) unless steroid treatment had failed, 
(b) unless the spleen was enlarged, and (c) only then if the patient 
was in relatively good condition and under 70 years of age. This 
somewhat restricted view of the place of splenectomy has not been 
accepted by all workers. Lorie and Patsiora (1958) argued in 
favour of not waiting as long as 1 year in patients resistant to 
hormone treatment. Crosby (1959) made a plea for a wider use of 
splenectomy; this he felt should definitely not be looked upon as a 
‘last resort.’”? Crosby stressed the risks of prolonged steroid 
therapy in high dosage and recommended that if steroids cannot 
be withdrawn after 2 months without relapse, then splenectomy 
should be undertaken. He stated that splenectomy will be 
successful in about 75° of patients in whom steroids fail to 
establish a permanent remission, 50° obtaining complete remission 
and 25% a lesser degree of improvement. 

In a difficult field there are naturally differences of opinion; the 
present author’s viewpoint lies somewhere between the pessimism 
of Dausset and the optimism of Crosby (see also p. 683). His data, 
like those of Dausset, do not show that splenectomy has any 
decisive influence on the course of the disease. The mortality has 
been greater if anything in those patients submitted to splenectomy 
than in those treated by steroids alone (Table 57). This, of course, 
does not mean that splenectomy is necessarily harmful or even 
useless: 1t is the consequence of the inevitable practice of carrying 
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out the operation as a “‘iast resort’’—perhaps quite early in the 
course of the disease—in the most severely-ill patients, who, 
probably because of the large amount of antibodies they are 
forming have failed to derive real clinical benefit from steroid 
therapy. As pointed out by Chertkow and Dacie (1956), splenec- 
tomy probably will result in some diminution in the rate of 
hemolysis in almost all patients. If, however, the rate of hzmo- 
lysis before operation is greatly in excess of the patient’s powers of 
compensation, then a modest improvement in erythrocyte life-span 
is likely to be of little benefit to him. 

Complications of Splenectomy. The immediate or near 
immediate post-operative mortality in auto-immune hemolytic 
anemia is considerable.and is undoubtedly higher than in heredi- 
tary spherocytosis. Dameshek and Schwartz (1940), for instance, 
reported four deaths in 10 cases, Crosby and Rappaport (1957) two 
deaths in 27 cases and Lorie and Patsiora (1958) five deaths in 21 
eases. The author’s own data include 26 patients who were 
submitted to splenectomy, of whom three died post-operatively. 
As after splenectomy for other reasons, evidence of thromboembo- 
lism is frequent at necropsies (Lorie and Patsiora, 1958; Krauss, 
Heilmeyer and Weinreich, 1959a, b). The possibility of “adrenal 
exhaustion” following operation in patients previously treated with 
high dosages of steroids for long periods of time needs consideration. 
Moeschlin (1956) recommended the administration of ACTH for 
5-6 days prior to operation and 150-200 mg. of hydrocortisone by 
injection on the day of operation, reducing the daily dose to 25 mg. 
by the fourth post-operative day. 

Occasionally, a patient submitted to splenectomy may subse- 
quently show overt signs of disseminated lupus erythematosus 
(DLE). This was true of two of Dameshek and Komninos’s (1956) 
patients and one of Letman’s (1957). DLE is well known some- 
times to be accompanied by auto-immune hemolytic anemia; and 
this may dominate the clinical picture (see Fig. 168), but whether 
splenectomy hastens the progress of DLE or otherwise unmasks it 
is uncertain. 

Effect of Splenectomy on the Blood Picture. The hemato- 
logical and serological findings after splenectomy will be found to 
run parallel with clinical benefit, if any. That is to say, in a 
patient responding favourably, the erythrocyte count and hemo- 
globin level will stabilize, if falling pre-operatively, and subse- 
quently gradually rise; the reticulocyte count will fall and after a 
matter of weeks equilibrium will be established with the erythrocyte 
count within or almost within the normal range. Spherocytosis 
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and increase in osmotic fragility will diminish and probably will 
disappear eventually. The serum-bilirubin level will fall to within 
the normal range. 

The serological signs of the disease will become less marked; free 
antibody in the serum (if previously present) will probably 
disappear and the intensity of the direct antiglobulin test will 
lessen; the test may become completely negative in patients in 
complete hematological and clinical remission but often it 
obstinately remains positive, perhaps for years, as the only sign of 
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Fic. 171. Response in auto-immune hemolytic anemia of the warm- 
antibody type to splenectomy. The patient, a woman aged 45 
years, has kept in good clinical and hematological remission for 
15 years following the operation. The antiglobulin test, however, 
remains positive (Case 9 of Dacie, 1954). 


continuing auto-immunization (Fig. 171). Increased agglutin- 
ability may herald relapse. 

Serological data in individual cases are mentioned by Evans 
(1955), and Hennemann (1957) reported ultimately negative 
antiglobulin tests in two patients. In the present author’s 
experience, seven out of the 26 patients who underwent splenectomy 
were clinically cured; in these patients the direct antiglobulin test 
remained positive in two and eventually became negative in five 


(Table 57). 


Splenectomy in Cases Associated with Marrow Hypoplasia 


The patient who suffers from hemolysis plus marrow hypoplasia (see 
p- 381) presents a difficult and serious problem. It seems unlikely that 
‘‘hypersplenism”’ has anything to do with the hypoplasia and hence 
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that splenectomy would be particularly effective. The operation in fact 
failed in Bonham Carter, Cathie and Gasser’s (1954) patient, and in 
Eisemann and Dameshek’s (1954) case no response was detectable until 
18 days after the operation. 


SPLENECTOMY IN AUTO-IMMUNE HAEMOLYTIC 
ANAEMIA OF THE COLD-ANTIBODY TYPE 


As described on p. 611, agglutinating and/or complement-fixing 
antibodies lead to the destruction of erythrocytes in many organs 
of the body, of which the liver because of its size is the most 
important. Splenectomy, therefore, in theory at least, could hardly 
be expected to produce much clinical benefit, and this has been 
borne out by clinical experience (Baumgartner, 1955; McCurdy 
and Rath, 1960). However, there appears to be at least one type of 
cold-antibody hzemolytic anzemia in which splenectomy may be of 
some benefit. The patients referred to have been described on 
pp. 373 and 487 as “‘less typical cases without Raynaud’s pheno- 
mena and hemoglobinuria.”’ They formed moderate amounts of 
relatively high-thermal-amplitude cold antibodies in their sera 
(titres, 1,024 at 2°C.), and in addition, an antibody causing 
agglutination, and particularly hemolysis, of trypsinized erythro- 
cytes at 37° C. Three of these patients derived some benefit from 
splenectomy (see also Dacie, 1954, p. 205). These patients were 
splenectomized, unfortunately, before the advent of “Cr. The 
studies carried out by Lewis, Szur and Dacie (1960) on three 
patients suffering from typical cold-hemagglutinin disease, who 
had very high-titre cold antibodies in their serum, demonstrated 
excess radioactivity in both the liver and spleen in two of them. 
These data do not suggest that splenectomy would have been of 
benefit in these patients, and the operation was in fact not carried 
out. 

The place of splenectomy in the treatment of patients with 
auto-immune hemolytic anzemia will be further considered in a 
section entitled Practical Management of Patients, in which the 
advantages and disadvantages of ACTH, steroids, splenectomy, 
blood transfusion and other possible treatments will be sum- 
marized (p. 683). 


Effect of Splenectomy on Antibody Formation in Man 


The diminution in some cases in the strength of the direct antiglobulin 
reaction and the often complete or partial disappearance of free antibody 
from the serum in patients who respond favourably to splenectomy has 
already been referred to (p. 671). This suggests that the spleen can act 
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as an important source of antibody formation in auto-immune hemolytic 
anemia. That this is, however, not always so is illustrated by Case 13 of 
Dacie (1954, Fig. 70), a patient forming cold antibodies, whose clinical 
improvement following splenectomy was not accompanied by any change 
in antibody titres. : 

Experimentally, there is some evidence that splenectomized indivi- 
duals respond poorly to certain antigens. Rowley (1950) reported that 
he had administered sheep cells intravenously to 14 subjects who had 
undergone splenectomy 8 days to 40 months previously. Thirteen out 
of the fourteen failed to form antibody whereas all the controls did so. 


BLOOD TRANSFUSION 


Blood transfusion as a means of treating acquired haemolytic 
anemia was undoubtedly popularized by the publication of 
Lederer (1925), who described three patients suffering from acute 
(possibly auto-immune) hemolytic anzmia in whom recovery 
seemed to be initiated by transfusion. In a later report, Lederer 
(1930) reviewed 12 cases and considered that 11 of the patients had 
responded to transfusion. In retrospect, 1t appears doubtful 
whether transfusion played a decisive part in the recovery of these 
patients, except in as much as it helped to tide them over their 
anemic crises; their recovery appears as likely to have been 
spontaneous as due directly to the transfusions. It is also highly 
doubtful whether normal plasma or serum contains any or sufficient 
anti-lytic substances to have had a specific inhibitory effect on 
hemolysis. This claim has recently been put forward once more by 
Lorie and Patsiora (1958), who however give no details (see also 
p. 457). Certainly transfusion is seldom followed by dramatic or 
sustained benefit in the majority of cases of auto-immune hzmo- 
lytic anzemia seen today. Dameshek and Rosenthal (1951), 
reviewing their own experience, stated that in only eight out of 
70 cases of acquired hemolytic anzemia of mixed pathogenesis were 
transfusions followed by complete remissions, and in only two of 
the remitting cases was the disorder of the auto-antibody type. 

In the great majority of patients suffering from auto-immune 
hemolytic anemia transfusion therefore cannot be expected to be 
more than palliative, and its value is seriously limited by the fact 
that in most instances the survival of the normal erythrocytes in 
the patient is likely to be no better than that of his own cells; 
indeed it may appear to be worse. The result is that in almost all 
cases, except in mild ones, transfusion can be of only transient 
benefit, and the improvement, if any, in the patient’s general 
condition is usually only a matter of days at the most. A very 
seriously ill patient may actually appear worse after transfusion, 


674 TREATMENT 


for the benefit due to a rise in hemoglobin will be transient and the 
transfusion, by providing him with more cells to destroy, will 
inevitably result in an increased rate of bilirubin formation with 
consequent increase in jaundice. In other patients in whom 
hemolysis is taking place in the blood stream transfusion may 
merely result in an increase in hemoglobinuria (e.g., Dacie, 1954, 
Case 11). 

Nevertheless, despite the limited value of transfusion in serious 
cases, it is impossible to let the patient die of anzemia untransfused. 
In patients who are critically anaemic, ACTH and/or adreno- 
corticosteroid therapy should certainly be started at the same time 
as a slow drip transfusion of packed erythrocytes. Later in the 
course of the disease transfusion may be useful as a preparation 
for splenectomy, and in obscure case a determination of the 
survival of the normal erythrocytes may help in diagnosis. 

Exsanguination transfusion has been attempted on several 
occasions, but the benefit is usually only transient (see Ravina 
et al., 1950; Cattan et al., 1951; Milliez et al., 1951; Bowman, 1955). 
More recently, a further case where exchange transfusion was 
successfully carried out on an adult has been reported by Wing- 
strand and Selander (1960). The patient was moribund and the 
transfusion appeared to gain time for steroids to become effective 
and equilibrium between hemolysis and regeneration to be 
established. 


Blood-Group Specificity and Transfusion 


It has already been mentioned that normal erythrocytes have in 
most instances a short life-span after transfusion into patients 
suffering from auto-immune hemolytic anzemia. The reason for 
the reservation “‘in most instances”’ is the development by some 
patients of specific auto-antibodies, which, exceptionally, are not 
accompanied by “non-specific”? antibodies. In these cases, it may 
be possible to select blood lacking the antigen corresponding with 
the specific auto-antibody. This was first demonstrated by 
Hollander (1954) (see p. 388). 

It must not, however, be supposed just because specificity of the 
auto-antibody can be demonstrated that blood not bearing the 
corresponding antigen will survive normally. Mollison (1956, 
p. 164) quoted, for instance, a case where although in vitro 
the antibody reacted more strongly with e-positive than with 
e-negative cells, no difference in survival zn vivo could be demon- 
strated. This observation is consistent with the finding by Dacie 
and Cutbush (1954) that even if specificity could be demonstrated, 
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more often than not unidentified apparently “non-specific” 
antibody elements were associated with the specific antibody. 

The selection and transfusion of blood not containing antigens 
reacting with a specific auto-antibody, if one is demonstrable, 
raises a further problem, as pointed out by Wiener, Gordon and 
Russow (1957). One is then transfusing the patient deliberately 
with incompatible blood, e.g., if R,R, (cDE/cDE) blood is given to 
a rr(cde/cde) recipient, who has formed, say, auto-anti-e. This 
means that almost inevitably the patient will form iso-antibodies 
such as anti-D and/or anti-E (which patients with auto-immune 
hemolytic anzemia have been thought to be particularly prone to 
do), if the transfusion has to be repeated, an occurrence which 
would make further transfusion virtually impossible. An instance 
of this was reported by Ley, Mayer and Harris (1958). 

Another factor which militates against the success of blood 
transfusion in auto-immune hemolytic anzmia is that there is some 
evidence that normal erythrocytes transfused to a patient are 
likely to have an even shorter survival than the patient’s own cells 
(Mollison, 1956, p. 161; Young, Miller and Swisher, 1957; Ley, 
Mayer and Harris, 1958). Possible reasons for this, e.g., the increased 
resistance of young cells and the “selected” nature of the patient’s 
cell sample with which the survival of the normal cells can be 
compared, have already been discussed (p. 614). 

The above discussion has been concerned primarily with warm 
auto-antibodies. The same principles, however, hold in relation 
to the cold type. It is not uncommon to find the patient’s 
erythrocytes less sensitive than are normal cells to. tests for 
agglutination in vitro (see Table 32, p. 469, for a good example of 
this) and although comparative in-vivo measurements do not seem 
to have been undertaken in such cases, there is every reason to 
suppose that the increased agglutinability of the normal cells at a 
relatively high temperature in vitro would be reflected in a poorer 
survival of the cells an vivo. 


Cross-Matching Tests in Auto-Immune Hemolytic 
Aneemia 
Warm Antibodies. The results of cross-matching tests are 
often a source of anxiety, for not infrequently in severely ill 
patients all blood samples will appear to be incompatible, if the 
cell-serum suspensions are kept at 37° C. and subsequently tested 
by the indirect antiglobulin technique. This is the inevitable 
result of the presence of ‘‘non-specific’’ auto-antibody free in the 
patient’s serum. All that can be done under these circumstances 
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is to test as many blood samples as is practicable and to select for 
transfusion those samples which react the least intensely with the 
patient’s antibody, if transfusion seems to be essential to preserve 
the patient’s life. Such blood should be run in at a very slow drip 
rate; usually no great harm results, even if benefit is but transient. 

If a specific auto-antibody can be demonstrated, blood may be 
selected lacking this antigen and this may then be found to be 
compatible in vitro, and to have a good survival in vivo. But as 
referred to above, the use of this ‘‘compatible”’ blood is open to the 
objection that it may stimulate the formation of iso-antibodies. 
No doubt, however, in desperate situations, this is the blood that 
should be used, and Weiner, Whitehead and Walkden (1956) have 
recommended carrying out cross-matching tests with eluates as 
well as with the patient’s serum as an aid in finding blood which is 
compatible. This is particularly valuable where no free antibody 
is present in the serum and all blood samples appear to be 
compatible. 

The presence of adsorbed auto-antibody may create difficulties 
in typing the patient’s own erythrocytes which may in consequence 
appear to be “blocked” (Weiner, Whitehead and Walkden, 1956). 
Preliminary heating of the erythrocyte suspension to 56° C. for 10 
minutes may get over this difficulty by eluting the “blocking” 
antibody (Ruggieri and Ravetta, 1955). 

Cold Antibodies. Transfusion can usually be avoided in 
patients suffering from auto-immune hemolytic anemia of the 
cold-antibody type. Such cases are as a rule relatively mild. If 
essential, however, cross-matching tests will have to be under- 
taken. Probably the best thing to do is to carry out an in-saline 
cross-match at, say, 32—-35° C., using the patient’s own erythrocytes 
as a control. The aim will be to select normal blood samples which 
are either not agglutinated at that temperature or, if agglutinated, 
are less strongly agglutinated than are the patient’s own cells. 
Such blood can probably be transfused with safety. It should be 
run in at a slow drip rate, in which case there is probably no need 
to attempt to warm it above room temperature. An indirect 
antiglobulin cross-match should also be carried out, exposing the 
cells to the patient’s serum strictly at 37°C. This should give 
negative results, but it is a guard against warm iso-antibodies 
developed perhaps following previous transfusions. 


Transfusion Reactions 


It has been commonly held that reactions occur frequently when 
transfusions are given to patients with auto-immune hemolytic 
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anemia. This is probably true, although in most patients slight 
fever and an intensification of Jaundice are the only accompani- 
ments. Such reactions can generally be explained satisfactorily by 
the presence of free auto-antibodies in the patient’s plasma to 
which the transfused cells are susceptible, or occasionally to 
previously undetected iso-antibodies. Occasionally, however, 
patients are met with who appear to be regularly intolerant of 
transfusions and who develop pyrexia and rigors and may complain 
of backache after relatively small amounts of apparently com- 
patible blood have been transfused. In certain patients this 
syndrome appears to be due to “‘sensitivity”’ to transfused plasma 
rather than to destruction of erythrocytes. This type of “‘ plasma 
reaction,’ described by Dameshek and Neber (1950) and Dameshek 
and Rosenthal (1951), can be avoided by the transfusion of 
erythrocytes washed in saline. Crosby and Stefanini (1952) 
attributed the reaction to an unidentified heat-labile factor and 
stated that the leucocyte and platelet counts and the fibrinogen 
concentration were lowered at the time of the reaction. Crosby and 
Stefanini suggested that the symptoms might be caused by 
vascular obstruction due to small emboli. More recently, however, 
this kind of reaction has been attributed to the formation by a 
frequently transfused patient of leuco-iso-agglutinins (see Payne, 
1957). 

In summary, in view of the difficulty or impossibility of finding 
compatible blood and in any case because normal erythrocytes very 
nearly always survive extremely badly in the patient, transfusions 
cannot be recommended with any enthusiasm as even a palliative 
remedy in auto-immune hemolytic anemia. In the present 
author’s view they should be avoided if at all possible. 


OTHER METHODS OF TREATMENT 


Treatment Designed to Inhibit Antibody Formation 


Nitrogen Mustard. Dameshek (1951) reported on the effects 
of intravenous nitrogen mustard given to four patients in an 
attempt to reduce, by damaging their lympho-reticular tissue, the 
amount of auto-antibody formed. In one patient the treatment 
was followed by a fall in antibody titres, and although thrombo- 
cytopenia and leucopenia caused anxiety, the patient went on to 
a complete recovery and remained well for at least 2 years 
subsequently. 

Dameshek mentioned that urethane and radioactive gold had 
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been tried but found to be ineffective. Meyers and his co-workers 
(1952) also treated one patient with nitrogen mustard but the only 
effect was marrow depression. Other patients, suffering from the 
“‘idiopathic”’ type of disease and treated with nitrogen mustard, 
were mentioned by Beikert (1957) and Borchers and Eymer (1959). 
It is impossible to regard these lines of treatment with any 
enthusiasm. 

6-Mercaptopurine and 6-Thioguanine. Recently 6-MP and 
6-TG have been used (Dameshek and Schwartz, 1960). Experi- 
mentally, the drugs are potent antibody inhibitors (Schwartz and 
Dameshek, 1959). Clinically, too, they certainly seem to be quite 
effective. Dameshek and Schwartz (1960) reported observations on 
six cases of auto-immune hemolytic anemia; three patients 
enjoyed complete remissions, the fourth a partial remission, 
the fifth improved but there was no follow-up and the sixth 
died. In three patients remission or improvement lasted at least 
8 months after treatment was terminated. In some patients 
the drugs tended to produce nausea or vomiting and diarrhcea, 
but these symptoms usually could be controlled by reducing the 
dosage. 

Dameshek and Schwartz also reported success in treating 
disseminated lupus erythematosus with the same drugs. They 
stressed that they might be particularly valuable in patients of 
both groups intolerant of steroids or in whom such large doses of 
steroids had to be given that side effects were serious. 

Both 6-MP and 6-TG depress marrow function and relatively 
frequent blood counts are thus necessary. Two out of Dameshek 
and Schwartz’s six patients developed leucopenia and a third 
patient thrombocytopenia, and in two patients megaloblastic 
change in the bone marrow was noted. Despite these obvious 
disadvantages these early reports are encouraging and suggest that 
6-MP and 6-TG may prove to be valuable alternatives to adreno- 
corticosteroids in the treatment of auto-immune hemolytic 
anemia. Whether the drugs are effective in cases refractory to 
steroid therapy remains to be determined. They have no doubt 
the advantage over nitrogen mustard in being less dangerous, 
although less potent, chemicals. 

The present author has no experience of the use of 6-MP or 6-TG 
in the treatment of patients suffering from auto-immune hemolytic 
anemia of the warm-antibody type. 6-MP has, however, been 
given to one of the author’s patients (Case 11) who was suffering 
from the cold-hemagelutinin syndrome. It was completely ineffec- 
tive in this patient in the dosage used (see Fig. 172). 
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Fic. 172. Response of an elderly woman aged 75 years suffering from 
the cold-hemagglutinin disease to treatment with steroids, 
6-mercaptopurine and penicillamine (Case 11). 


Thorotrast and Irradiation 


Evans and Duane (1947) described the result of the administration of 
thorotrast to one patient and the effects of irradiation directed to the 
mediastinum and abdomen in two patients. The patient who received 
thorotrast had relapsed following splenectomy. She appeared to 
experience a partial remission, with a transitory arrest in the progress of 
her anzmia, following the administration of the thorotrast; a longer 
remission followed irradiation. In the second patient irradiation was 
without effect on the hemolytic process. 

Heni and Blessing (1954) reported an unfavourable effect of irradiation 
of the spleen—an aggravation of hemolysis, and the same sequence was 
apparently observed by Sokal (1957) in a patient suffering from 
‘*hemolytic hypersplenism.”’ 


Radioactive Gold 


Wang, Bowman and Tocantins (1954) and Tocantins and Wang (1956) 
have treated seven patients with 1°8Au, usually with doses of 10—20 mc 
given intravenously ; five had the idiopathic, two the secondary type of 
disease. The results were moderately encouraging. However, 2-3 
months’ lag must be expected before benefit occurs and Tocantins and 
his colleagues stressed that the gold should be given only if hormones, 
splenectomy and transfusion had failed. Four of the patients had 
remissions which seemed to be attributable to the gold therapy. As with 
nitrogen mustard and 6-MP, there is a risk of marrow depression. 
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Treatment Designed to Inhibit Antibody -Antigen 
Interaction 


Heparin. Owren (1949) administered heparin to an elderly 
patient severely ill with auto-immune hemolytic anemia and who 
required repeated transfusion. 350 mg. of heparin given daily for 
7 days had no effect on the course of the disease, but 800 mg. daily 
given for 6 days appeared to slow down the rate of erythrocyte 
destruction. Treatment had to be stopped because of bleeding 
and a severe hemolytic crisis followed withdrawal of the heparin. 


Roth (1954) claimed that heparin added in vitro inhibited the auto- 
agglutination of the erythrocytes of three patients with auto-immune 
hemolytic anemia. Roth and Frumin (1956) gave details of a patient 
treated with intramuscular heparin (50 mg.). Within 2 hours the titre 
of the Coombs test was reduced by a factor of 4 or 8, the free antibody 
titre at 37° C. was similarly reduced and there was a decrease in serum 
bilirubin and plasma hemoglobin and improvement in osmotic fragility. 
More recently, McFarland, Galbraith and Miale (1960) described a 
patient with severe auto-immune hemolytic anzemia, later found to be 
associated with Hodgkin’s disease, in which daily subcutaneous doses of 
150 mg. of heparin resulted in stabilization of the hemoglobin and a 
negative Coombs test 2 weeks later. Relapse followed cessation of 
heparin treatment and remission its readministration. It was concluded 
that heparin interfered in some undefined way with the coating of 
erythrocytes by immune globulin. 

The effect of heparin and other anticoagulants has been studied 
experimentally by Storti and Vaccari (1956) and Storti, Vaccari and 
Baldini (1956). Storti and Vaccari could not demonstrate any effect of 
heparin in vitro other than its well known anticomplementary effect. 
Using rabbits injected with immune serum, Storti, Vaccari and Baldini 
found that anticoagulants, including heparin, postponed the onset of 
hemolysis, reduced its intensity and shortened its duration. Heparin 
had a rather inconstant effect and in the animals which died, hamor- 
rhages were present. Germanin was more effective; it had high antilytic 
activity, it was highly anticomplementary, had low anticoagulant 
activity and little toxicity (to rabbits). 

Storti, Vaccari and Baldini also reported on a therapeutic trial of 
250 mg. of heparin given daily intravenously to a human subject. 
Treatment was persisted in for 30 days and the erythrocyte count rose 
from 1,600,000 to 2,800,000 per cu. mm. Relapse followed cessation of 
treatment. 


The studies summarized above suggest that heparin therapy 
may have a place in the management of severe auto-immune heemo- 
lytic anzeemia: the high doses required, the risk of hzeemorrhage and 
difficulties of administration are, however, serious disadvantages. 


Salicylates and 5-Iodosalicylic Acid 


Bateman (1949) reported treating with sodium salicylate, without 
benefit, a patient suffering from the cold-hemagglutinin syndrome, and 
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referred to early work on the possible modification of antigen-antibody 
reactions by salicylates, dating back to 1922. Craddock (1951) described 
how massive salicylate therapy was given to a patient affected with a 
serious grade of auto-immune hemolytic anemia. Again, no clear 
benefit resulted, and there were unpleasant toxic symptoms. 

Formijne (1956) reported on the use of the sodium salt of 5-iodo- 
salicylic acid. Four patients were treated: one seemed to be greatly 
improved, two perhaps obtained partial benefit but the fourth derived 
no benefit. 

On the whole, therefore, salicylates do not seem likely to be of much 
value in treatment, at any rate in doses which can be tolerated. 


Antivenom Serum 


Singh and Bird (1960) reported remarkable results as the result of 
giving antivenom serum intravenously or intramuscularly. As far as the 
present author knows, their claims have not been substantiated. 


Use of Mercaptanes 


The basis of the administration of mercaptanes is that SH 
compounds have been shown in vitro to cause depolymerization of 
macroglobulins; in particular, Fudenberg and Kunkel (1957) and 
Mehrotra and Charlwood (1960) showed that mercaptoethanol 
added 72n vitro to sera containing high-titre cold agglutinins caused 
a marked reduction in the titre of the cold agglutinin. Other SH 
compounds have a similar action, ¢.g., cysteamine, mercapto- 
pyridoxine, penicillamine and penicillin G potassium (Ritzmann 
and Levin, 1961). Ritzmann and Levin have also reported on the 
clinical use of pL-penicillamine (2 g. daily orally) and mercapto- 
pyridoxine (0-6 g. daily intravenously) given to a man aged 65 
suffering from the cold-hemagglutinin syndrome. Both produced 
substantial temporary reductions in cold-agglutinin and cold-acid- 
hemolysin titres and a flattening out of a *!Cr erythrocyte survival 
curve. Two of the present author’s patients have received DL- 
penicillamine in comparable doses, but without appreciable effect 
on their cold-agglutinin titres or the haemoglobin levels (Fig. 172). 
Data on further patients are required. 


PRACTICAL MANAGEMENT OF PATIENTS WITH 
AUTO-IMMUNE HAMOLYTIC ANAMIA 


In this short section an attempt will be made to summarize how 
patients with auto-immune hemolytic anemia should best be 
treated. Every patient, of course, presents as an individual 
problem. The following are,. however, some guiding principles. 
Patients forming warm antibodies will be considered first. 
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Auto-Immune Hemolytic Anemia of the Warm-Antibody 
Type 

Steroid Hormones. These drugs are the first choice in treat- 
ment at present. Whether this statement will continue to be true 
and for how long depends upon the gaining of further experience 
with the use of the antimetabolites at present being tried in 
treatment and on the development of future and possibly still 
more effective compounds. 

Of the steroids, prednisone is probably the best drug to use— 
insufficient is known of the newer steroids to recommend any of 
them for routine use. Large doses may be needed but normally an 
initial dose of 40-50 mg. per day of prednisone should be tried. If 
the patient is critically ill, it is wise, probably, to give ACTH as 
well in doses up to 100 units of the gel daily or the equivalent 
intravenously, for up to 1 week, and then to change over to predni- 
sone alone. If and when the patient responds, the dose of the drug 
should be cut down to the minimum which enables the patient to 
maintain a stable hemoglobin, if possible of at least 10-11 g. per 
100 ml. 

There seems no point in continuing to give large doses in the 
hope of achieving normal or near normal hemoglobin levels, for 
the hormones are in no sense a cure for the disease. The best that 
can be hoped for is to control the severity of the hemolysis until 
spontaneous recovery takes place. This may, unfortunately, 
necessitate continuous hormone treatment over many months or 
even years. 

If the patient fails to respond to 40-50 mg. of prednisone, 
particularly if ACTH has also been given, then larger doses should 
be given, and up to 100 mg. of prednisone, given for 10-14 days, 
should next be tried. Whether still larger doses are ever required 
or achieve success seems doubtful, but in desperate situations there 
seems no reason for not increasing the dose to 250 mg. daily for 
7-10 days. However, it might well prove to be better to try an 
antimetabolite such as 6-mercaptopurine or 6-thioguanine before 
proceeding to use doses in excess of 100 mg. of prednisone (see 
p. 678). 

When a stable and adequate hemoglobin level has been reached, 
then the dose of steroids should be gradually reduced, the aim 
being to take the patient off the drugs completely over the next 
6-8 week period. As described on p. 660, a significant proportion 
of patients will continue with little or no signs of hemolysis 
without further treatment. If they relapse, then hormone therapy, 
at the lowest possible level will have to be restarted. After another 
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2 months, a further attempt to withdraw the drugs should be made. 
In patients who have to be maintained on steroid hormones for 
many months, it is at least theoretically advisable to supplement 
the steroid therapy with a week’s course of ACTH, say every 
3 months, but this may be difficult to organize in practice. 

Splenectomy. When should this be done? There seems to be 
two categories of cases for which splenectomy should be considered. 
The first is when the patient is seriously ill and the maximum 
hormone therapy that can be tolerated fails to enable him to 
achieve compensation for hemolysis and repeated transfusions are 
required. Splenectomy can hardly be recommended with much 
enthusiasm in such cases, for the chances of permanent benefit seem 
not to be great and the operative mortality is quite high. Ifa Cr 
study had shown a marked uptake of radioactivity in the spleen, 
then the operation could probably be undertaken with more 
confidence of success. When to carry out what might be termed an 
“early splenectomy ”’ needs nice judgement. The author’s inclina- 
tion is in general to postpone the decision for as long as possible. 

The patients who apparently fail completely to respond to 
steroid therapy and can only be kept alive by frequent transfusions 
are particularly serious problems. While there is no reason to 
suppose that a good response to splenectomy is impossible, the 
outlook is serious, whatever is done. But removal of the spleen, 
particularly if palpable, is probably the inevitable next step. The 
other, less well substantiated, lines of treatment described on 
pp. 677-81 might be considered first in such a case. The presence 
of serious thrombocytopenia is perhaps an added indication that 
splenectomy should be carried out: the ultimate outlook in such 
cases seems, however, to be extremely grave. 

The second category of case is one in which the patient has 
responded to steroid therapy and has been kept fairly well for 
perhaps several months or longer without needing transfusion but 
only as the result of giving large doses of steroids (e.g., 30-40 mg. 
of prednisone daily). In these patients, if the spleen can be shown 
to be an active site of erythrocyte destruction, splenectomy can be 
undertaken with probably a good chance of success. Some of these 
patients may be clinically cured thereby; others may be subse- 
quently easily maintained on small doses of steroids, e.g., 5-10 mg. 
of prednisone daily (see Fig. 178, Case 12). The majority of 
patients can be expected to derive some benefit. In general, 
however, the author feels that splenectomy should not be seriously 
considered in such patients until the disease has lasted at least 
6 months. 
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The steroid dosage the patient is receiving should be maintained 
during the period of the operation, and perhaps supplemented with 
ACTH and hydrocortisone to guard against “‘adrenal exhaustion”’ 
(see p. 670). When it can be seen that the patient has clearly 
benefited from the splenectomy and has recovered from the 
immediate effects of the operation, the dosage of steroids can be 
cautiously and slowly reduced, the aim being to discontinue the 
drug altogether. 

Blood Transfusion. This is probably never curative, and the 
author generally speaking avoids transfusing any patient unless this 
seems absolutely essential. Certainly, severely anzemic patients 
can go into good remissions without transfusion (see Fig. 168, 
p. 661). As stated above, if repeated transfusions are needed, then 
‘early splenectomy” should be contemplated, if not carried out. 
Desperate remedies such as exsanguination transfusions do not 
appear often to be justified by the results. 


Case Report: “ Idiopathic”? Auto-Immune Hemolytic Anemia of the 
Warm-Antibody Type. Partial Remission following Splenectomy 


Case 12. The patient, E. B., a woman aged 45, was admitted into 
Hammersmith Hospital for investigation in June 1960. She was known 
to have suffered from auto-immune hemolytic anemia for the previous 
2 years and to have been kept in fair health on 10—80 mg. of prednisone 
daily. Recently, however, she had become severely anzemic. 

Physical Examination. The patient had a moderate Cushingoid facies 
and was extremely pale and mildly jaundiced. The liver was palpable 
8 cm. below the right costal margin and the spleen 5 cm. below the 
left costal margin. There was slight cedema of the back. There were 
no signs of skin purpura or enlargement of lymph nodes. 

Laboratory Findings. On admission, the hemoglobin was 4-5 g. per 
100 ml.; reticulocytes, 68%; total leucocytes, 10,000 per cu. mm.; 
nucleated erythrocytes, 5,000 per cu. mm. ; platelets, 300,000 per cu. mm. 
Stained films showed slight auto-agglutination and a very marked 
degree of anisocytosis and polychromasia with many small micro- 
spherocytes (Fig. 176). Erythroblasts (mostly macronormoblasts) were 
conspicuous also and often the cell nuclei were fragmented. Occasional 
Howell-Jolly bodies and small Pappenheimer bodies were also present. 

The bone-marrow was extremely hyperplastic. Erythropoiesis was 
dominant and was macronormoblastic (possibly megaloblastic) in type 
(Figs. 125 and 126, p. 359). Films stained by Perls’s reaction showed 
excess iron in the marrow fragments and excessive numbers of siderotic 
granules in most of the erythroblasts (Fig. 126). Many non-nucleated 
erythrocytes, too, contained excessive numbers of relatively large iron- 
containing granules. Serum haptoglobins were absent. The serum 
bilirubin was 4-2 mg. per 100 ml. Osmotic fragility was greatly increased, 
with hemolysis commencing in 0-8% NaCl. 

The urine deposit contained large amounts of heemosiderin (Fig. 135). 
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Serology. Specimens of whole blood underwent visible fine auto- 
agglutination which persisted at 37° C. The direct antiglobulin test was 
strongly positive. It was mainly of the y-globulin type and there was a 
well marked prozone; however, a weak reaction was also obtained with 
an anti-non-y serum. Auto-antibody free in the serum was not demon- 
strated by the indirect antiglobulin reaction or by the use of trypsinized 
erythrocytes. 

Course and Treatment. She was transfused with 4 bottles (2 litres 
approximately) of blood on admission and given 60 mg. of prednisone 
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Fic. 173. Response of a woman aged 45 years suffering from auto- 
immune hemolytic anemia of the warm-antibody type to treat- 
ment by prednisone and splenectomy (Case 12). 


daily. This resulted in moderate improvement and her hemoglobin 
gradually rose to 9-10 g. per 100 ml., but the reticulocytes persisted at a 
high level (>40°%), and it became clear that prednisone alone at a 
moderately high dosage (60 mg. a day) was proving insufficient (Fig. 
173). Splenectomy was therefore -carried out, for it had already been 
established by the *'Cr technique that the spleen was an active site of 
hemolysis. As some hemolysis also was clearly taking place in the liver 
(Fig. 174), improvement short of clinical cure was thought likely to be 
the result. The spleen weighed 408 g. Sections showed marked conges- 
tion of the pulp cords with blood. A moderate amount of iron was 
present. Extramedullary erythropoiesis was not seen. 
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The patient did in fact do better than had been anticipated. The 
hemoglobin rose further and the reticulocyte count fell to less than 10% ; 
the bilirubin concentration fell to 1-2 mg. per 100 ml. When discharged 
from hospital, a maintenance dose of 10 mg. of prednisone daily seemed 
adequate to control hamolysis. 

Following the steroid therapy the direct antiglobulin reaction became 
less strong and the reaction with the anti-non- y serum became negative. 
The spherocytosis diminished and the osmotic fragility became less 
abnormal. Less hemosiderin was found in the urine deposit. 

Marrow puncture was repeated about 3 weeks after splenectomy at a 
time when the reticulocyte count was 6°. The marrow was less hyper- 
cellular; the fragments contained less iron and although siderocytes 
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Fic. 174. Surface-counting studies in a patient suffering from auto- 
immune hemolytic anemia of the warm-antibody type (Case 12). 
The patient’s own erythrocytes were labelled with °!Cr. Excess 
counts were recorded over the liver as well as over the spleen. 
The interrupted lines indicate the upper limit of the normal 
range. 


were present in fair numbers they rarely contained more than one iron 
granule and granules in the erythroblasts were relatively few and 
inconspicuous; one or two granules at the most could be found (Fig. 127). 
Thus the marked and abnormal degree of ‘‘sideroblastosis”’ of the 
marrow had disappeared in association with the remission in hemolysis. 

Summary. A case of severe auto-immune hemolytic anemia of the 
warm-antibody type. Moderate improvement followed steroid therapy 
and still further benefit followed splenectomy. 


Case Report: ‘‘ Idiopathic”? Auto-Immune Hemolytic Anemia of the 
Warm-Antibody Type. Failure of Splenectomy 


Case 13. The patient, R. D., developed signs and symptoms of anzemia 
in May 1960, accompanied by jaundice. In July 1960 the direct anti- 
globulin test was found to be positive and acquired hzemolytic anzemia 
was diagnosed. He was treated with prednisolone but the haemolysis 


Fic. 175. Photomicrograph of a blood film of a patient suffering 
from acute paroxysmal cold hemoglobinuria (Case 18 of Dacie, 
1954). There is a moderate degree of anisocytosis, macrocytosis 
and microspherocytosis. x 700. 


To face p. 686. 


Fic. 176. Photomicrograph of a peripheral blood film of a patient 
suffering from auto-immune hemolytic anaemia of the warm- 
antibody type (Case 12). x 700. 


Fig. 177. Photomicrograph of a peripheral blood film of a patient 
suffering from auto-immune hemolytic anemia of the warm- 
antibody type (Case 13). After splenectomy. x 700. 
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was controlled only with difficulty and repeated blood transfusions were 
necessary. Because of this and because of the development of a Cushing- 
oid facies splenectomy was carried out on December 7th, 1960. There 
was temporary improvement and the hemoglobin was maintained for 
a few weeks at approximately 14 g. per 100 ml. on 12 mg. of methyl- 
prednisolone daily. However, a further hemolytic crisis developed on 
this regime and transfusions again became necessary. The steroid dosage 
was changed to 8 mg. of betamethazone daily, and he was transferred 
to Hammersmith Hospital on February 24th, 1961, almost 3 months 
after splenectomy, for further investigation and treatment. 

Physical Examination. The patient was found to be a pale young man 
and to be mildly jaundiced. He had a slight Cushingoid appearance. 
There was a healed splenectomy scar, but the liver was not palpable and 
no abnormally enlarged lymph nodes were found. There were no signs of 
purpura. 

Laboratory Findings. On admission, the hemoglobin was 9-2 g. per 
100 ml., the erythrocyte count 2,200,000 per cu. mm., and there were 
67°% reticulocytes. The haemoglobin dropped to 7-1 g. per 100 ml. over 
the next 7 days and the leucocyte count ranged from 15,000—27,000 cells 
per cu. mm., with 45-67%, neutrophils. There were 3,000—15,000 
erythroblasts per cu. mm. also. The platelet count ranged between 
60,000—111,000 per cu. mm. Stained films showed marked macrocytosis, 
and polychromasia, and moderate anisocytosis; there was some sphero- 
cytosis but markedly spherocytic cells were inconspicuous. Howell-Jolly 
bodies and Pappenheimer bodies were present in moderate numbers 
(Fig. 177). 

There was a moderate increase in osmotic fragility: initial lysis, 
0-60% NaCl; MCF, 0:465°% NaCl, and after 24 hours’ incubation at 
87° C. 2-5% lysis occurred in 0-:85°% NaCl. Autohemolysis was also 
markedly increased, there being 48°% lysis at 48 hours and 55% lysis in 
the presence of excess glucose. 

Sternal-marrow biopsy showed intense erythropoietic activity. 
Erythropoiesis was predominantly macronormoblastic in type. 

Serology. The direct antiglobulin test was strongly positive; the 
reaction was of the zoning y-globulin type and no agglutination took 
place in anti-non-y serum. The patient’s whole blood underwent slight 
auto-agglutination at 37° C. and this persisted when the blood was 
diluted in 3—4 volumes of warm saline. 

The patient’s erythrocytes were group O cDE/cde (R,r). His serum 
contained an antibody which at 37° C. agglutinated trypsinized normal 
erythrocytes and also sensitized normal cells to agglutination by anti- 
globulin serum. CDe/CDe (R,R,) and cde/cde (rr) cells were strongly 
agglutinated and cDE/cDE (R,R,) cells were weakly agglutinated. An 
eluate prepared from the patient’s erythrocytes gave the same behaviour 
pattern with respect to specificity as did the antibody free in the serum. 
Absorption with R,R,, RR, or rr cells appeared to remove the antibody 
(or antibodies) from the serum or eluate in a parallel fashion and it was 
not possible to demonstrate any clear specificity. 

The antibodies did not cause the lysis at 37°C. of trypsinized or 
PNH erythrocytes; the serum complement concentration was high 
normal (> 128 units). 

Further Studies. The patient’s erythrocytes were tagged with "Cr. 
The mean cell life-span was estimated to be approximately 5 days and a 
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marked uptake of radioactivity was recorded over the liver. No 
significant radioactivity was demonstrated at the splenic site (the spleen 
had been removed). 

Progress. The course of the patient’s illness is illustrated in Fig. 178. 
Soon after admission the dose of betamethazone was raised from 1-5 mg. 
to 9 mg. daily. This resulted in arrest in the fall of hemoglobin followed 
by a rise. Subsequently, 60 mg. of prednisolone were substituted and 
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lic. 178. Response of a young man, aged 26, suffering from auto- 
immune hemolytic anemia of the warm-antibody type to 
treatment with steroids (Case 13). After splenectomy. 


the hemoglobin reached 11-2 g. per 100 ml. and the reticulocyte count 
fell to 35%. However, because of increasing obesity, with abdominal 
strise and dyspepsia, the dose of prednisolone had to be decreased, with 
a consequent slight fall in hemoglobin. At the time of writing (July 
1961) he appears to be fairly well controlled on a dosage of 25 mg. of 
prednisolone daily which is as much as he can tolerate without unpleasant 
side-effects. His hemoglobin is 8-6 g. per 100 ml., with about 50% 
reticulocytes. 
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Summary. A case of ‘“‘idiopathic’’ auto-immune hemolytic anaemia 
of the warm-antibody type in a young man. Splenectomy had only a 
temporary beneficial effect on his illness and hemolysis continued 
subsequently at a rapid rate. This had proved difficult to control with 
steroid drugs and at least 25 mg. of prednisolone are required daily for 
him to achieve equilibrium at a rather low hemoglobin level. Side- 
effects of the steroids have been troublesome throughout and the outlook 
is uncertain. 


Auto-Immune Hemolytic Anemia of the Cold-Antibody 
Type 

These patients do not present such a difficult problem in 
management as do the patients suffering from the warm-antibody 
type of disease. Avoidance of cold as far as possible—keeping 
indoors, heating the house adequately, extra clothing of the 
‘“string-vest”’ type, mittens, etc.—seems the most useful line of 
treatment. Steroids appear to be of less benefit than in the warm- 
antibody type of disease (e.g., Fig. 172) and, bearing in mind the 
long-continued course of the disease, should perhaps not be started 
if the patient can manage to keep fairly well otherwise. Splenec- 
tomy should not normally be undertaken; transfusion is rarely 
necessary. The author’s limited experience of 6-MP and penicil- 
lamine has been disappointing. 

Treatment of the transient post-viral pneumonia cold-antibody 
hemolytic anemia and paroxysmal cold hemoglobinuria has 
already been discussed (p. 534 and p. 578). 


PROGNOSIS IN AUTO-IMMUNE HAMOLYTIC 
ANAMIA 


In this final section the outlook for patients who develop an 
auto-immune hemolytic anzmia will be reviewed. This is serious 
and the mortality is high. It is perhaps worth while reiterating 
several points. First, the name auto-immune hemolytic anszemia 
refers to a group of diseases of very variable intensity: their course 
is unpredictable and they may or may not be secondary or associated 
with a recognizable underlying systemic disease. Secondly, their 
etiology undoubtedly varies, as does their pathology and patho- 
genesis. This heterogeneity makes generalizations as to prognosis 
difficult, and forecasting the outlook for any particular patient 
hazardous. 

It will be convenient to discuss the “idiopathic”? warm-antibody 
type of disease first, then the ‘“‘idiopathic”’ cold-antibody type and 
finally the secondary types. 
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“Idiopathic” Warm-Antibody Type 

The disease sometimes starts insidiously, but quite often acutely 
or even explosively. But in any event, in some patients at least, 
improvement leading to clinical cure may take place. This may 
occur spontaneously without any treatment or it may take place 
only after months or even years of precarious existence, with the 
patient having to be sustained in the meanwhile by steroid drugs, 
often in high dosage, and in some cases also perhaps by splenectomy 
and transfusions. In some patients improvement never takes place 
and they sooner or later die of their disease or of a complication of 
attempts at treatment. 

It is difficult to know what the mortality is in untreated patients, 
or in patients only receiving transfusions. The disease has only been 
clearly recognized and separated off from other types of hemolytic 
anzmia since 1946, and ever since the second decade of this 
century the worst affected patients have been submitted to 
splenectomy. Some recovered, at least temporarily, others did not, 
and the mortality must have been high. 

There seems to be no possibility of finding out what the mortality 
actually was. Dameshek and Schwartz (1940), who reviewed the 
early literature on ‘“‘acute’’ hemolytic anemia, cited 106 cases; 
18 of these patients were reported to have died, but the ultimate 
fate of the others is unknown. Twenty-three of the patients were 
reported as having undergone splenectomy, and 20 to have 
recovered. In a postscript to this paper Dameshek and Schwartz 
mentioned 11 patients of their own, five of whom had died. They 
gave details of four patients who responded to splenectomy, but 
these patients were only observed for short periods of time, 2 
months to 8 months, and it is not known whether their remissions 
were long-continued. Later, Welch and Dameshek (1950) reviewed 
the result of splenectomy in 34 patients; 50° went into complete 
remission but the fate of the remainder was not reported. 

Dausset and his collaborators in France have published extensive 
data which suggest that the mortality is in fact high, even when 
the patients have had the benefit of treatment with steroid drugs. 
Dausset and Malinvaud (1954) described the fate of 47 patients, 
three-quarters having the “idiopathic” type of disease. The 
mortality, including that of the secondary cases, was stated to have 
been 37%. Dausset and Colombani (1959) reported on 838 
‘‘idiopathic”’ cases studied between 1949 and 1958. ‘Twenty-seven 
were stated to have been cured, 23 were dead (27-4°%) and 30 
patients still had the disease; three patients died of causes other 
than hemolytic anemia. Dausset and Colombani added that they 
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thought that the percentage of recovery had risen from 37-5% to 
70% as the result of steroid therapy and that allowing for relapse 
the total recovery rate would be in the region of 50-60%. They 
found that neither age nor sex nor the intensity of initial haemo- 
lysis, nor the clinical signs had any prognostic value, but they 
agreed with Chertkow and Dacie (1956) that a low platelet count 
and with Crosby and Rappaport (1957) that a low reticulocyte 
count were unfavourable prognostic signs. Dausset and Colombani 
stressed, too, that the presence of free antibody in the serum 
detectable by the indirect antiglobulin test was a bad sign. 
Splenectomy, considered as a long-term curative method, seemed 
to have no favourable effect on ultimate prognosis, for 12 patients 
died out of a total of 31 submitted to the operation and there were 
4 post-operative deaths. 

Crosby and Rappaport (1957) reported on the fate of 34 patients 
treated by various means; 18 died, a mortality of 53%. 

As described in Chapter 7 (p. 349), auto-immune hemolytic 
anemia of the warm-antibody type occurs rarely but unquestion- 
ably in young children and even in infants. The disease may be 
hyperacute and is sometimes only of short duration, more often 
probably than in adults. The outlook in infants and children is 
nevertheless still serious and eight out of 29 (27°) of the infants 
whose illness was reviewed by Negri, Pototschnig and Maiolo 
(1960) died. 

A major difficulty in attempting to assess prognosis and mortality 
is that there is almost inevitably an element of selection in the cases 
a physician sees, because the greater his interest or experience the 
more likely is he to be sent patients who are seriously ill or who have 
already been shown to be refractory to treatment. This is certainly 
true of the present author’s data which are set out below. 


Personal Data 


Out of more than 160 patients with auto-immune hemolytic 
anemia of various types studied at the Postgraduate Medical 
School of London between 1947 and 1960, 50 patients with the 
“idiopathic” warm-antibody type of disease have been investigated 
and followed for periods of at least 1 year, many of them for much 
longer than this. Of these 50 patients, 27 are still alive, 1 year or 
more after the onset of their disease and 23 have died (a mortality 
of 46%) (Table 56). 

In Table 57 is summarized the effect that treatment was found 
to have had on prognosis. Ten patients underwent clinical and 
hematological (but not necessarily serological) cure; seven of these 
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Table 56 


Mortality in Auto-Immune Hemolytic Anemia: 
Posigraduate Medical School of London Data (1947-61) 


Warm auto-antibodies Cold auto-antibodies 
No. of Secondary Secondary 
patients ‘“ Tdio- ‘Tdio- 
pathic” _ | pathic” 
Infection Nee Infection Bee 
plasm plasm 

Total 50 187 17 16 9 i 
Alive* aq TO 2 11 7 0 
Dead 23 8 15 5 2 7 
Mortality (%) 46 45 88 31 22 100 


* Follow-up of at least 1 year. 
+ Includes six patients with disseminated lupus erythematosus. 


had undergone splenectomy. Of the other patients, 22 achieved 
compensation for their hemolysis, that is to say, their hemoglobin 
was maintained at a tolerable level without the necessity for 
transfusion—most of these patients were receiving maintenance 
steroid treatment; 18 further patients remained seriously ill and 
did not achieve compensation for hemolysis. Twenty-three of the 
patients have died. The total mortality rate was thus 46%; it was 
slightly higher in the patients who had undergone splenectomy 
than in those receiving steroids only. 

The causes of death in these patients are summarized in Table 58. 
Most, perhaps all, the deaths were connected in one way and 
another with the patient’s hemolytic anemia or the therapeutic 
attempts to alleviate it. 

The high mortality (40-50°,) amongst the patients treated by 
steroids and splenectomy or by steroids or splenectomy alone does 
not suggest that either of these forms of treatment can have greatly 
influenced the prognosis. It is impossible, however, to believe that 
they have not helped. There are, as already stated, no data on the 
ultimate fate of untreated patients with which to compare the 
present figures. However, the dramatic improvement of seriously 
ill patients as the result of one or other treatment, which has been 
so frequently witnessed, is unfortunately not necessarily well 
sustained and both the use of steroids and splenectomy have a 
mortality of their own—infections being exacerbated or masked by 
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steroids and post-operative deaths occurring not infrequently 
following splenectomy. Unfortunately, too, neither form of treat- 
ment can be expected to influence fundamentally and permanently 
auto-antibody formation and both treatments may fail in the 
worst affected patient, 7.e., in those forming the largest amounts of 
antibody. 

Where deaths in the present series have taken place, the 
majority (17 out of 23) have occurred within 2 years of the onset of 
the disease (Table 59). Data concerning the question of prognosis 
and free antibody in the serum are given in Table 60. Although 


Table 59 


Deaths in “* Idiopathic”? Auto-Immune Hemolytic Anemia in Relation to 
the Duration of the Disease 


No. dead | No. dead | Surviving | Surviving 


Type of No. of Hae: 
: : within after 2 years 5 years 
SCa8e pebients 2 years 2 years or more | or more 
Warm-antibody 50 17 6 32 19 
Cold-antibody 16 2 3 12 10 
Table 60 


Relationship between Mortality in ‘* Idiopathic”? Auto-Immune Hemolytic 
Anemia of the Warm-Antibody Type and the Presence of Free Antibody in 
the Patients’ Serum | 


Type of antibody in serum ee ae geen 
Indirect antiglobulin test (+) 
Agglutination of trypsinized 20 9 45 
cells (+) 
Indirect antiglobulin test (— ) 
Agglutination of trypsinized ‘ 17 8 47 
cells (+) 
Both tests (—) 11 5 45 


it seems clear that the intensity of hemolysis, as judged approxi- 
mately by the hemoglobin level, is correlated with the presence of 
free auto-antibody in the patient’s serum (Dacie, 1959b), this does 
not seem to affect the ultimate mortality due to the disease. This 
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rather surprising result is contrary to the observations of Dausset 
and Colombani (1959). Further data on this point are required. 


“Idiopathic” Cold-Antibody Type 


Sixteen patients have been investigated and followed up for at 
least 1 year (Table 61). In none of them has the disease regressed 


Table 61 


Effect of Treatment in ‘‘ Idiopathic”? Auto-Immune Hemolytic Anemia of 
the Cold-Antibody Type 


Effect of treatment 


No. of 


Treatment é Compen- Deaths 
patients | Clinical | sated 
cure hzemo- 
lysis 
None or transfusion 2 
only (29%) 
Steroids + transfusion 2 
(33%) 
Splenectomy + 0 
transfusion 
Splenectomy + steroids 1 
+ transfusion (50%) 


Total No. of patients 


spontaneously or significantly as the result of treatment. Five of 
the patients have died (31%); details are given in Table 58. The 
cold-hemagglutinin disease is a long-continued disease, and is 
sometimes of no great severity. Most of the patients are elderly 
and this militates against a long survival. Nevertheless, patients 
not infrequently manage to live with their disease for a period of 
10 years or more (Fig. 179), and ten of the 16 patients are known 
to have survived at least 5 years (Table 59). 


Secondary Auto-Immune Hemolytic Anemia 


Where the underlying disease is neoplastic, as in chronic 
lymphocytic leukemia and reticulosarcoma, the outlook for the 
patients is dominated by the underlying disease and the mortality 
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is very high (Table 56). Steroid therapy, and exceptionally 
splenectomy, may produce temporary benefit. These disorders will 
be described in detail in Chapter 13. 

The secondary hemolytic anzemias following acute virus infec- 
tions, e.g., that following virus pneumonia, have a good prognosis. 
Most patients have recovered and recovery is permanent. 
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Fic. 179. Cold-agglutinin titres and hemoglobin concentrations of an 
elderly woman, aged 64, suffering from the cold-hemagglutinin 
disease, followed over a period of 12 years (Case 9). C = treat- 
ment with cortisone; P = treatment with penicillamine. 
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by trypsinized erythrocytes, 345, 
A17, 456 
“Incomplete”? cold antibodies, 
462-464, 478-482 
antiglobulin reaction, 462, 478 
‘“*non-y’’ reaction, 463, 478 
anticoagulants, effect of, 462 
author’s observations, 479-481 
complement, role of, 463, 480 
heating, effect of, 462 
literature, 462-464 
pH, effect of, 481 
temperature, effect on elution, 462 
titration of, 479 
Incomplete warm antibodies, 345, 
414—433 
auto-agelutination in 
medium, 421, 609 
chemical nature, 502 
immunochemical studies, 503 
pH, effect of, 434 
reactions in antiglobulin serum, 
414—421 


serum 
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Incomplete warm antibodies— 
continued 
reactions with trypsinized erythro- 
cytes, 425-427, 435-436 
titration in albumin, 427 
Infectious mononucleosis with 
hemolytic anemia. See 
Hemolytic anzmia associated 
with infectious mononucleosis. 
Influenza A, with hemolytic 
anzmia, 539 
Influenza virus, hemolysis caused 
by, 587 
Insecticides, as cause of auto- 
immune hemolytic anemia, 
584 
Intravascular hemolysis, 361, 605 
5-Iodosalicylic acid, as treatment 
for auto-immune hemolytic 
anzemia, 680 
Irradiation, as 
auto-immune 
anzmia, 679 
Iso-antibodies in auto-immune 
hemolytic anemia, 442 
comparison with auto-antibodies, 
406, 445, 451-452, 611-615 
Iso-hemolytic anemia, 
in animals, 617 
in man, 611-615 
Iso-immunization, bearing on 
auto-immunization, 593 


treatment for 
hemolytic 


Kahn test, in auto-immune hemo- 
lytic anemia, 374, 452, 507 
in paroxysmal cold hemoglobin- 
uria, 567 
Kalteikterus, 549 
Kidneys, in auto-immune hemo- 
lytic anzeemia, 384 


Lederer-Brill anzemia, 344, 346 
Lederer’s anemia, 344, 346, 350 
blood transfusion in, 673 
Leuco-auto-ag¢lutinins, 360 
Leucocytosis in auto-immune 
hemolytic anemia, 360 
Leuco-iso-agglutinins, as cause of 
transfusion reactions, 677 
Leucopenia in auto-immune 
hemolytic anemia, 360, 377— 
379, 382, 392 
‘*Livedo annularis,” 352, 439 
Liver, pathology in auto-immune 
hemolytic anzemia, 352, 383 
Loutit anzmia, 346, 382 
Lymph nodes, in auto-immune 
hemolytic anemia, 384 
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Lymphadenoma, hemolytic anz- 
mia associated with, 3438, 496 
Lymphocytic leukzmia, hamo- 
lytic anemia associated with, 
343 
Lymphocytosis in auto-immune 
hemolytic anemia, 360 
Lymphoma, hemolytic anzemia 
associated with, 343 
Lysis in vitro, 410-414 
by reversible agglutinin, 457 
of normal erythrocytes, 411—413 
PNH erythrocytes, 412 
trypsinized erythrocytes, 412— 
414, 


Macrocytosis in hemolytic 
anemia, 354, 356-357 
Macroglobulins, 501-503 
Macronormoblastic erythropoie- 
sis in auto-immune hemoly- 
tic anemia, 354, 358, 379 
Malignant disease, and auto- 
immune hemolytic anemia, 
bearing on etiology, 594 
Measles as cause for auto-im- 


mune hemolytic anemia, 
343, 586 

Mechanical fragility. See Fragility, 
mechanical. 


Megaloblastic erythropoiesis, in 
auto-immune hemolytic 
anemia, 380, 390 

Mercaptanes, in treatment of 
auto-immune hemolytic 
anemia, 681 

6-Mercaptopurine in auto- 
immune hemolytic anemia, 
678, 682 

Methemalbumin, 361 

Microspherocytes, 354 

Milgrom’s hypothesis, 591 

Mumps virus, hemolysis caused by, 
587 


Newcastle disease virus (NDV), 


586 

Nitrogen mustard in _  auto- 
immune hemolytic anemia, 
677 

‘“‘Non-specific”’ auto-antibodies, 
443-446, 449 


Panhemagglutinin, 458, 596 
Papain, use in detecting incom- 
plete antibodies, 422 
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Papainized erythrocytes, 422, 456 

‘“‘Parabiosis poisoning,” 598 

Paroxysmal cold hzemoéglobin- 
uria. See Hemoglobinuria, par- 
oxysmal cold. 

Pathogenesis of auto-immune 
hemolytic anemia, cold-anti- 
body type, 632-639 

complement, role of, 636 

experimental studies on patients, 
635 

lytic power of antibodies in vitro, 
634 


mechanical-trauma hypothesis, 633 

protective mechanisms, 638 

radioactive-chromium studies, 638 

spleen, role of, 688 , 

thermal range of antibodies, 633 

Pathogenesis of auto-immune 

hemolytic anzmia, warm- 
antibody type, 604-632 

agglutinating antibodies, role of, 
610 

antibody reactions in vitro, bearing 
on hemolysis in vivo, 607-615 

auto-agglutination, significance of, 
607 

clinical evidence, 605—607 

erythrophagocytosis, role of, 616 

erythrostasis, importance of, 617 

incomplete antibodies, role of, 607— 
610 

intravascular and _ extravascular 
hemolysis, 605 

iso-hemolytic anzmia, significance 
of, 611-615 

liver, importance of, 611 

lytic antibodies, role of, 615 

metabolic damage to erythrocytes, 
617 

protective mechanisms, 614 

radioactive - chromium studies, 
significance of, 611-614 

reticulocytes, sensitivity of, 614 

spleen, role of, 609, 613, 619 
erythrophagocytosis in, 616 
sequestration by, mechanism of, 


619 
tissue lysins, role of, 618 
Penicillamine, in treatment of 


auto-immune 
anzemia, 681 

Perls’s reaction for ferric iron, 
379, 684 

“Plasma reaction,” after blood 
transfusion, 677 

Platelets, in auto-immune hemo- 
lytic anemia, 356-357, 360, 
377-379 


hemolytic 
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PNH erythrocytes, 
agglutination by cold antibodies, 
498 


comparison with normal and tryp- 
sinized cells, 436 
hemolysis, by cold hemolysins, 
436, 472, 474-476, 488 
Donath-Landsteiner antibody, 
562, 565 
warm hemolysins, 412, 436—438 
Polyvinylpyrrolidone (PVP), use 
in detecting incomplete anti- 
bodies, 422 
Prednisone, in auto-immune 
hemolytic anemia, 659, 682 
Prognosis in auto-immune 
hemolytic anemia, 388, 689— 
697 
Purpura in auto-immune hemo- 
lytic anemia, 377-379, 389 


Radioactive chromium (°/Cr), 
use in studies in auto-immune 
hemolytic anemia, cold-anti- 
body type, 635-638 
in studies in auto-immune hzemo- 
lytic anemia, warm-antibody 
type, 387, 450, 686 
Reticulocytes, failure of formation, 
in auto-immune 
hemolytic anzemia, 356-358, 381 
experimental hemolytic anaemia, 


631 
resistance to hzmolytic sera, 614 
‘‘Reversible agslutinin”’ of 


Rosenthal and Schwartz, 456 
Rheumatoid arthritis, heemolytic 
anzmia associated with, 343 
Rosenbach’s test, 546 
Runt disease, 599 


Salicylates, as treatment for auto- 
immune hemolytic anemia, 
680 

Secondary hemolytic anemia, 
343 

Sex ratio in auto-immune hemo- 
lytic anemia, 342, 370 

Siderocytes, in auto-immune 
hemolytic anzemia, 358 

Siderosis of the kidney, 384 

Siderotic granules in erythro- 
blasts in auto-immune 
hemolytic anemia, 380, 684 

Somatic-mutation hypothesis, 
595, 597, 6038 

Specific auto-antibodies, 445-451 

incidence, 448 


INDEX 


Specificity of auto-antibodies, 
443—451 
Spherocytes, 354, 375, 620 
history, 620 
mechanism of production, 620 


Spherocytosis, 
in auto-immune hemolytic 
anemia, 354, 375, 620 
in experimental hemolytic 


anzmias, 623, 626 
in relation to haemolysis in vivo, 620 
Spleen, 
anatomy of pulp, 619 
in auto-immune hemolytic ane- 
mia, 3538, 382, 606, 609, 613 
in man, summary of role, 640 
in experimental hemolytic anemia, 
627 
Splenectomy, 666—673, 683, 690-697 
effect on antibody formation in 
man, 672 
in auto-immune hemolytic ane- 
mia, cold-antibody type, 672 
in auto-immune hemolytic 
anemia, warm-antibody type, 
392, 424, 666-672, 685-689 
complications of, 393, 670 
‘‘early”’ splenectomy, 683 
effect on blood picture, 392, 670 
on serological findings, 671 
in cases with marrow hypo- 
plasia, 671 
literature, 667 
operative mortality, 667 
selection of cases, 667-670 
use of *!Cr, 668 
in experimental 
anzemia, 624, 627 
Steroids, in auto-immune he- 
molytic anemia. See ACTH, 
Cortisone, ete. 
Stored erythrocytes, 
tinins against, 426 
Subacute bacterial endocarditis, 
hemolytic anemia associated 
with, 343, 586 
Symptomatic hemolytic anemia, 
341 


hemolytic 


panagéslu- 


T antigen, relation to hemolytic 
anzemia, 588 

6-Thioguanine in auto-immune 
hemolytic anzemia, 678, 682 

Thorotrast, in auto-immune 
hemolytic anemia, 679 

Thrombocytopenia in auto- 
immune hemolytic anemia, 
377-379, 683 
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Thrombocytopenic purpura in 
auto-immune hemolytic 
anzmia, 352, 377-3879, 4389 

Tissue lysins, 618 

Tn antigen, relation to hemo- 
lytic aneemia, 588 

Transfusion. See Blood transfu- 

sion. 

Treatment oof auto-immune 
hemolytic anemia, 655-697 

ACTH, 655 
anti-venom serum, 681 
compound F’, 656 
cortisone, 656-658 
exsanguination transfusion, 674 
Germanin, 680 
gold, radioactive (}*8Au), 679 
heparin, 680 
hydrocortisone, 656, 670 
5-iodosalicylic acid, 680 
mercaptanes, 681 
6-mercaptopurine, 678, 682 
methylprednisolone, 660 
nitrogen mustard, 677 
penicillamine, 679, 681 
personal observations, 660 
practical management, 681-684 
prednisolone, 663 
prednisone, 659, 661, 685 
salicylates, 680, 688 
splenectomy. See Splenectomy in 
auto-immune hemolytic anemia. 
steroids, relative effectiveness, 
658 
6-thioguanine, 678, 682 
thorotrast, 679 
transfusion. See Blood transfusion 
in auto-immune hemolytic 
anemia. 
X-irradiation, 679 
Trypsin, crystallized, 427 
Trypsinized erythrocytes, 
agglutination by cold antibodies, 
460-461, 466, 468 
by warm antibodies, 417, 422, 
425, 434 
antisera against, 590 
comparison with PNH _ erythro- 
cytes, 436, 508 
lysis by cold antibodies, 466, 472 
by Donath-Landsteiner anti- 
body, 562 
by normal sera, 457 
by warm antibodies, 436—438 
use in detection of incomplete 
antibodies, 345, 417, 425, 447 

Tuberculosis, auto-immune he- 
molytic anemia associated 
with, 348, 382, 586 
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Ulcerative colitis, auto-immune 
hzmolytic anemia associated 
with, 343, 602 

Urobilinogen excretion, in auto- 
immune hemolytic anzemia, 


353-354 

Vi antigen and _ experimental 
hemolysis, 588 

Virus pneumonia and_é auto- 


immune hemolytic anemia. 
See Hemolytic anzemia following 
virus pneumonia. 

Viruses, role in auto-immune 
hemolytic anemia, 585—589 


Warm antibodies. See Agglutinins, 
Hemolysins and Incomplete 
antibodies. 

Warm-antibody type of auto- 
immune hemolytic anemia. 

absolute values, 354, 856-357 
age incidence, 349 
auto-agglutination, 355, 358 
auto-antibodies in, 409-458 
specific, 446-449 
autohzmolysis, 364 
effect of glucose on, 364 
bilirubin, serum in, 352, 356-357, 
360 
biochemical changes, 360 
blood groups, 348, 601 
blood picture, 354-357 
blood transfusion studies, 385-888 
bone marrow, 379-382 
case reports, 389, 439, 450, 684 
cause of death, 694 
complications, 351, 382-884 
cortisone, effect of, 656-659 
course of disease, 350, 390-395 
Ehrlich’s test, 359 
erythroblastemia, 359 
erythrocytes, 352, 354 
erythrophagocytosis, 359 
extramedullary erythropoiesis, 
383-384 
feeces in, 3538 
folic-acid deficiency in, 357, 390 
gallstones, 351 
gangrene of skin in, 353 
hemoglobinuria, 351, 353, 439 
heemosiderinuria, 353, 373 
haptoglobins, 361 
headache in, 351 
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Warm-antibody type of auto- 
immune hemolytic anemia. 
—continued 

hypersplenism in, 357 
iso-antibodies, presence of, 442 
jaundice, 352 
leucocytes, 356-857, 877-879 
mechanical fragility, 363 
methzemalbumin, 361 
mortality, 350, 390 
personal data, 691-695 
myocardial infraction, 351 
neurological syndrome in, 351 
osmotic fragility, 8361-363 
after 24 hours’ incubation, 362 
of washed erythrocytes, 361 
pathogenesis. See Pathogenesis 
of auto-immune hemolytic 
anemia. 
pathology, 382-3885 
physical signs, 352-353 
platelets, 356-357, 360 
prognosis, 388, 690—696 
personal data, 389, 691-696 
proteins, serum, 499 
purpura, 377, 389 
reticulocytes, 356-358 
reticulocytopenia, 358 
Schumm?’s test, 361 
seasons, effect on incidence, 351 
serology. See Antiglobulin test, 
Auto-antibodies, ete. 
siderocytes, 358 
spherocytes, 354 
spleen, 353, 382, 606 
splenectomy. See Splenectomy in 
auto-immune hemolytic anemia. 
symptoms, 350 
thrombocytopenia, 3852, 3877-379, 
389 
thrombophlebitis, 351 
urine, 353 

Warm hemolysins. 
lysins, warm. 

Washed erythrocytes, use in auto- 
immune haemolytic anemia, 
677 

Wassermann reaction in auto- 
immune hemolytic anemias, 
374, 507 

in hemolytic anemia following 
virus pneumonia, 530 

in paroxysmal — cold 
globinuria, 569, 571 
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